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KELmiV  OXRSICtlUJM  MTOERlAI^ 


•Uie  military-dEveloped  «urricul«B  materials  in  this  course 
package  were  selected  by  the  Ifeticnal  Center  frr  Reseajx^i  in 
Vocaticsial  Education  Military  Curriculum  Ptoject  for  dissem- 
ination to  the  six  regiaial  Curricaalaa  Coordination  Centers  and 
other  instnK±ional  materials  agencies,   iSie  purpose  of 
disseminating  tltese  courses  was  to  make  eurriculuBi  materials 
develi^jed  by  the  military  raore  acoessiJble  to  Vocatiocaa 
educators  in  the  civilian  setting. 

The  course  materials  were  acquired,  evaluated  fcy  project 
staff  and  practiticaiers  in  the  field,  and  pn^sared  for 
dissanination.   Materials  which  were  specific  to  the  inLlitary 
were  deleted,  ooK^^ted  materials  were  either  emitted  or  ajapro- 
val  for  their  use  was  'Obtained.   Hiese  course  padcages  oantain 
purriculum  resource  materials  whidi  can  be  aidRpti^  to  sij?^>ort 
VDcatior^al  instructim  and  curriculum  devels^ment. 
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the  National  Center 
Mission  Statement 


The  National  Center  for  Research  Irr, 
Vocdti'onaE  Education[$  minion  is'to  increase 
the  abiilty  of  diverse  agencies,  institutions, 
and  organizations  to  solve  educationaJ  prob* 
iams.  relating  to.  individual  careei  planning, 
preparation,  and  progression.  The  Nationat 
Center  fulfills  it:>  mission  by: 

•  Generating  knowMige  through  research 

•  Developing  educiitionai  programs  and 
products 
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Evaluating  tndivkfuaf  program  needs 
and  outcomes 


•  installing  educational  programs  and 
.  products 

•  operating  Information  systerps  and 

.  Afices  I 

•  Conducting. leadership  development  and 
training  programs 
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Military  Curriojlum  Matsriolt 
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The  National  Center  for  Research  In  Vocational 
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19SQ  Kenny  Road,  Coluntbus,  Ohio  43210- 
Telei^hone:  614/486:3^5  or  Toil  Free  800/ 
Q  848-4315  witfiintiw.oontir^tat  U.S. 
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Curriculum  Materials  , 
Dissemination  Is . . . 


an  activity  to  increase  the  accessibility  of 
miiitary-developed  curricu.lam  materials  to 
vocational  and  technical  educators. 

This  project,  funded  by  the  U.S.  Office  of 
Education,  includes  tl^  identification  and  - 
'  acquisition  of  curriculum  nFiateriais  in  print 
form  from  the  Coast  Guard,  Air  Force, 
Army,  Marine  Corps  and  Navy. 

Access  to  military  curriculum  materials  is 
provided  through  a  "Joint  Memorandum  of 
.Understanding'^'  between  the  U.S.  Office  of 
Education  and  the  Department  of  Defense. 

The  acquired  materials  are  reviewed  by  staff 
and  sc^bject  matter  specialists,  and  courses 
deemed  appticc^le  to  vocational  and  tech- 
nical education  are  selected  for  dissemination. 

The  National  Center  for  Research  In 
Vocational  Education  is  the  U.S.  Office  of 
Education's  designated  representative  to 
acquire  the  materials  and  conduct  the  project 

activities. 

Project  Staff : 

Wesley  E.  Budke,  Ph.D..  Director 
National  Center  Clearinghouse 

ShirleyA.  Chase,  Ph.D. 
project  Director 
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Are  Available?  - 


How  Can  These 
Materials  Be  Obtaihed? 


One  hundred  twenty  i  lurses  on  microfiche 
(thirteen  in  paper  form/  and  descriptions  of 
each  have  been  provided  to  the  vocational 
Curriculum  Coordination  Centers  ar»d  other 
instructional  materials  agencies  for  dissemi> 
nation. 

Course  materials  include  programmed 
instruction,  curriculum  outlines,  instructor 
guides,  student  workbooks  and .  technical 


Contact  the  Curriculum  Coordination  Cer^ter 
in  your  region  for  information  on  obtaining 
materials  (e.g.,  availability  and  cost).  They . 
will  respond  to  your  request  directly  or  refer 
i^ou  to  m  instructional  mat'^riais  agency 
closer  to  you. , 
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INSTRUCTIONS  TO  STUDENT 


This  prograntned  lesson  Is  a  WORKBOOK  which  combines  "Self -Teaching"  with 
y  Class-Teaching  as  you  learn  each  step.    The  overall  lesson  information 
Is  broken  into  small  steps  called  "frar.  „s".   Each  frame  teaches  with 
words,  pictures,  or  both;  then  you  are  required  to  apply  that  bit  of  . 
instruction  by  completing  a  response  or  doing  a  described  action.  The 
booklet  is  set  up  so  that,  when  the  book  is  open,  th*  teaching  or 
questioning  part  of  the  frame  is  on  the  left  page;  while  the  answer, 
picture,  or  action  portion  of  that  frame  is  on  the  facing  right  page. 

To  work  and  learn  with  this  booklet,  you  read  the  left  portion  of  the 
frame,  then  continue  over  to  the  right  facing  page  and  complete  the 
answer  (response)  or  do,  the  described  action.   When  that  frame  is  com- 
pleted, you  turn  the  page  for  the  next  frame.    If  you  have  just  completed 
a  response  frame,  you  will  find  in  parenthesis  (  )  a  check  on  your  last 
response.    It  is  there  for  you  to  check  your  answer,  NOT  FOR  COPYING. 
Instructors  will  be  around  to  comment  on  your  action  frames  and  to  offer 
personal  assistance  and  advice.    If  you  are  doing  the  booklet  in  class, 
raise  your  hand  when  you  need  an  instructor's  advice  before  you  try  the 
next  frame.   Otherwise,  just  continue  to  theSiext  frame. 

This  booklet  is  your  property ,  it  is  not  a  test  (other  than  testing  your- 
self).   Go  through  it  at  your  own  speed.    Note  that  each  page  is  di- 
vided by  horizontal  lines  into  A,  B  and  C  levels.    Continue  thru  the 
booklet  on  Level  A  before  returning  to  the  front  to  start  Level  B;  then, 
work  thru  Level  B  and  so  on -until  you  have  completed  the  lesson. 

The  last  set  of  frames  directs  you  to  do, a  practijcal  exercise.    Here  you 
will  make  lettering  guide  lines  and  show  how  well  you  can  do  freehand 
lettering.    This  exercise  will  be  turned  in  to  the  instructor,  once  it 
is  completed. 
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OBJECTIVES  OF  THIS  LESSON 


Upon  completion  of  this  lesson  you  will  know  and  recognize  the  style  of 
freehand  lettering  recomnended  for  military  construction  drawings.  You 
will  further  be  able  to   

a.  .  .  .  recognize  the  value  of  lettering  guide  lines. 

b.  .  .  .  form  all  letters  and  numerals  with  easy  strokes,  in  a 

natural  sequence,  and  in  a  stable  style. 

c.  .  .  .  compose  those  letters  into  c** early  legible  words,  and  space 

the  words  into  easy-to-reaa  sentences . 

d.  .  .  .  properly  form  whole  numbers  and  fractions. 

e.  .  .  .  develop  and  practice  habits  that  will  make  your  freehand 

lettering  a  continually  improving  skill. 

f.  .  .  .  demonstrate  your  ability  to  set  up  proper  lettering  guide 

lines,  and  do  lettering  at  various  sizes. 


FINAL  INSTRUCTIONS 


Now,  with  "HB"  pencil  in  hand  and  sandpaper  pad  handy ,  start  Level  A, 
frame  #1  at  the  top  of  page  4.    Work  thru  Level  A  (top  of  each  succeeding 
page)  before  starting  Level  B,  frame  #19,  etc. 

You  will  be  teaching  yourself,  but  if  you  have  a  question,  raise  your 
hand  and  an  instructor  will  assist  vou. 
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FREEHAND  LETTERING 

MEDIUM  SOFT 


1. 

1 

A 

The  ability  to  letter  well  can  be  acquired  by 
anyone  who  will  PRACTICE  faithfully  and  intelligently,  as 
well  as  take  the  time  to  always  follow  the  procedures 
outlined  in  this  text. 

LEVEL  A 

(Now  co>npl ete  the  response  on  facing  page) 


DO  NOT  WORK  BELOW  THIS  LINE  UNTIL  YOU  HAVE 
COMPLETED  ALL  FRAMES  OF  LcVEL  A. 


19.  (Action) 

LETTER  STROKES 

Using  the  guidelines  provided  in  Figure  7, 
practice  clockwise  and  counter-clockwise  curve  strokes  by 
repeating  patterns  as  shown.   Be  sure  to  follow  the 
LEVEL  B  direction  of  the  arrows  for  all  strokes  as  indicated  in 

the  illustration. 


(proper  spacing)  35. 

LETTER  SPACING 

Because  of  the  variety  in  widths  and  shapes, 
letters  must  be  spaced  so  that  the  void  areas  between 
them  appear  relatively  equal . 

LEVEL  C 

Use  the  facing  page  to  practice  letter  spacing 
by  duplicating  the  illustrated  words .    Make  an  effort  to 
match  spacing  of  your  letters  with  the  provided  samples 
shown  In  Figure  19. 
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Response: 

In  order  to  acquire  the  ability  to  letter  well ,  we  must 
  faithfully  and  intelligently. 


•if 


•  ( 


19. 
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Fi  gure  7* 


35. 


1  r- 


Figure  19 
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(practice) 


LEVEL  A 


,  2. 

The  only  lettering  style  that  will  be  taught  in 
this  drafting  course  Is  SINGLE-STROKE,  VERTICAL. 
COMMERCIAL  GOTHIC,  CAPITAL  LEHERIKG.  'This  style  Is  the 
lettering  used  on  all  types  of  drawings,  and  Is  the 
foundation  for  the~ieginner. 


(Complete  response  on  facing  page) 


LEVEL  B 


20. 


RULE  OF  STABILITY 


Letters,  such  as  B.  E.,K,  S,  X,  and  Z.  and  the 
numbers  3  and  8,  must  be  drawn 'smaller  at  the  top  than 
at  the  bottoRi  to  present  an  appearance  of  stability. 
This  will  counteract  the  optical  illusion  of  letters  or 
numbers  appearing  to  "  fall  over 


36. 


WORD  SPACING 


LEVEL  C 


When  spacing  words ,  a  logical  separation  is 
necessary  —  not  too  far  apart  that  the  words  lose 
their  relationship  to  each  other,  and  not  too  close  that 
the  words  run  together.    A  "  ml e-of- thumb  "  that  can  be 
followed  in- the  spacing  of  words  is:    The  space  provided 
between  words  should  be  such  that  if  the  letter  "  I 
were  inserted  between  two  words ,  they  would  appear  as 
one  word.    (See  Figure  20.) 
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Response:  '  2. 

The  standard  lettering  style  used  on  all  drawings  is 
 -  ,  VERTICAL,  COMMERCIAL  GOTHIC. 


CAPITAL  LETTERING. 


Response:  \  -^  20. 


The  top  of  the  number  8  Is  drawn  than  the 

bottom  to  give  the  number  a  firm  base  to  support  itself. 


WORQS I S  PACED  1  BY  I S  KETCH  !NG  I  ANIIIBEiY  EEN 
WORDS  SPACED  BY  SKETCHING  AN  I  BETWEEN 


Figure  20 

Response:  '  36. 

The  letter  is  used  as  a  guide  for  spacing  words. 

Using  the  guidelines  provided  in  Figure  20,  letter  the  phrase,  shown 
above  the  guidelines. 


(single-stroke) 


3. 


SINGLE  -  STROKE  means  that,  ths- letters  are 
formed  with  one  stroke,   A  draftsman  never  has  to  go 
A  back  over  a  line  of  lettering.   The  width of  «  single 

-  st-oke  of  a  pencil  is  the  thickness  of  a  letter. 


(smallerl  LETTER  FQRHATXOH 

An  alphabet  of  vertical  capitals  and  numbers  has 
been  arranged  in  family  groups  in  the  following  frames. 
To  bring  out  the  proportions  of  widths  to  heights «  the  ex- 
OKvle  letters  are  shown  against  a  square  background  with 
its  sides  divided  into  six  parts.   Some  letters,  such  as 
B         A  and  T,  fill  the  squares,  that  is,  they  are  equally  as 
wide  as  they  are  high.   Others,  such  as  H  and  D,  are  five 
spaces  wide  and  six  spaces  high.   These  proportions  mst 
be  learned  visually,  so  they  can  be  drawn  without  ^ 
hesitation.. 

Study  the  shape  of  each  example  letter,  together 
with  the  order  and  direction  of  the  strokes  that  form  it; 
then,  practice  lettering  each  letter  in  the  provided  spaces 
•  '        until  its  form  and  construction  are  completely  familiar. 


(I)  37. 

LETTER  AND  WORD  SPACING 

C  Study  the  three  lines  of  lettering  shown  in 

Figure  21.    Using  the  guidelines  provided  below  the 
example,  letter  the'  three  lines  with  reference  to  the 
proper  spacing  principles*. 

'20 
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Response: 

r 

S 

the  thickness  of  the  letter  fs  fonwd  by  a 
 .         of  a  pencil. 


Response:  .  Zl, 


To  enable  a  draftsman  to  draw  letters  without  hesitation,  fic  MMt 
Team  the  letter  visually. 


COMPOSITION  IN  LETTERING 

REQUIRES  CAREFUL  SPACING,  NOT  ONLY 
OF  LETTERS  BUT  OF  WORDS  AND  UNES 


Figure  21 
9 

21 


/ 


(single  -  stroke)  4. 


Lettering  used  on  drawings  must  be  unifonn. 
The  best  method  to  insure  uni forwi ty  is  to  use 
vertical  lettering.   Vertical  letters  are  formed  with 
lines  that  run  straight  up  and  down. 


(proportions) 

22, 

r-H-T  GROUP 


The  letter  I  is  the  foundation  stroke.    It  is 
a  single  line  straight  up  and  down.   The  letter  H  is 
nearly  square  (the  width  is  5/6  of  the  height),  and  in 
accordance  with  the  rule  of ^stability,  the  cross-bar 
•    is  just  above  center,  '  The  top  of  the  T  is  drawn 

first  to  the  full  width'  of  the  square,  and  the  stem  Is  . 
B  started  accurately,  as  its  middle  point. 

.  Study  the  examples  in  Figure  8  and  practice 
forming  the  figures  in^  the  spaces  provided.    Be  sure 
  to  stay  inside  the  guidelines  that  are  shown.  

,  '  38.  (Action) 

Place  a  sheet  of  tracing  paper  W  x-U")  -  on 
C  your  drawing  board  with  the  long  edge  vertical.  After 

aligning  the  paper  with  your  T-square ^  secure  it  to 
the  drafting  board  with  masking  tape.    Remove  the 
"Ames  Lettering  Guide""  from  your  desk  drawer  and 
place  it  on  the  upper  right  comer  of  the  drafting 
board.    You  will  also  need  either  a  5H  pencil  or  your 
mechanical  pencil  with  5H  lead,  and  your  lead  pointer. 
Once  the  above  tasks  are  completed,  proceed  to  the 
next  frame. 


"^2 

10 


Response: 


To  Insure  unifomsity  in  lettering, 

lettering  is  used.  .  ,' 


12 


22. 


( 


kills 

■ 

pailllMi^HH 

1 1 H  ! 


Figure  8 


u 


(vertical) 


\ 
\ 
\ 


\ 


\ 


CooiQcrcial  Gctlilc  is  a  fancy  name  for  a  style  of 
lettering  that  simply  means,  "All  lines  used  to  forw  the 
letters  are  of  the  same  thickness  or  line  weight.** 


23. 

L  -  E  ~  F  GROUP 

The  letter  L  is  made  with       strokes.    The  first 
two  strokes  of  the  letter  E  is  made  the  same  as  for  letter 
L.   The  letter is  made  the  same  as  the  letter  E. 
B  omitting  the  bottom  stroke. 

Study  the  examples  in  Figure  9.    Practice  forming 
the  letters  of  the  L-E-F  Group  in  the  practice  spaces 
provided. 


GUIDEtlNES 

V  ————— 

*  • 

Thusfar,  guidelines  have  been  provided  for  you  to 
practice  ygur  lettering.    However,  you  will  be  required 
to  construct  your  own  gui<ie lines  on  actual  drawings. 
Guidelines  are  used  for  ALL  lettering.   The  "Ames 
Lettering  Guide"  will  be  used  to  construct  required 
guidelines  on  ALL  course  drawings. 

.  Refer  to  your  "Ames  Lettering  Guide"  during  the 
next  few  frames,  as  you  learn  how  to  draw  and  use 
guidelines  for  lettering. 


ERIC 


12 


24 


( 


Response: 


letters  that  have  the  sane  thickness  for  all  lines  are 
called  [  \  [  • 


c 


1  r  T 


Figure-  9 


3 


23, 


Response: 


39. 


All  lettering  requires  the  construction  of 


\ 


13 


(5 


(Coiercial  /  .      6.  ■        ^  ^.  ^ 

Gothic)  *  ' 

Letters  are  divided  into  two  groups,  capital  and 

iQKar  case.  ALL  LETTtaiNG  pe.^ormed  in  this  course  will 

A  be  accomplished,  using  CAPITAL  LETTERS. 


24. 

N  -  Z  -  X  -  Y  GROUP 


Study  the  examples  in  Figure  10  on  the  facing 
B  A    page.   Note  that  the  letters  Z  and  X  are  seller  at 'the  -  y 

top  than  at  the  bottom,  in  application  of  the  "Rule  of  -v 
Stability."  Practice  letters  N  •  Z  -  X  -  Y  in  the  spaces 
provided  on  the  facing  page. 


(guidelines)         40.  ^ 

.     Guidelines  are  light  lines  drawn  with  con- 
struction line  weights.    rReref ore,  a  draftsman  will  use 
C  a  sharp,  5K  pencil  or  lead  to  construct  guidelines. 

GuTatTines^shoul^be  dirFenough  to  be  seen,  but  NOT  dark 
enough  to  reproduce  on  a  drawing  priht. 


r 


Response: 


letters  will  be  used  In  this  course, 


X 


24. 


( 


EE 


fJaure 


Response: 


40. 


Guidelines  are  drawn  with  a  sharp. 


pencil  lead. 


15 


ERJC 


# 

7.    You  haft  mm  learned  the  style  of  lettering  thit  you  will  be  using 
during  this  course  of  instruction. 


(capital) 


f 


25. 

V  .  A  ■  K  '  4  GROl» 

Note  that  the  example  reflecting  the  horizojital 
stroke  of  the  latter  "A**  Is  one- third  of  the  distance 
measured  from  the  bottom.   Also,  note  that  the  second 
and  third  strokes  of  the  letter  "K"  are  drawn  perpendic- 
ular to  each  other.    (See  Figure  11) 

Practice  letters  V  -  A  -  K  -  4  in  the  spaces 
provided  6n  the  facing  page. 


(5H)  .41. 

It  is  possible  to  draw  guidelines  for  lettering 
from  1/16  to  2  inches  in  height  with  the  use  of  the  "Ames 
Lettering  Guide . "   The  numbers  10  to  2,  shown  on  the 
disc,  denotethe  height  of  the  letters  in  thirty-seconds 
of  an,  inch. 

Let  us  assume  that  we  want  to  form  letters  7/32 
of  an  inch  in  height.    Therefore,  we  iTWSt  rotate  the  disc 
so  the  number  7  coincides  with  the  frame  index.    The  disc 
is  rotated  by  holding  the  upper  comer  of  the  "Ames 
Lettering  Guide"  with  one  hand,  and  turning  the  disc  with 
your  free  hand. 


16 


8 


Response: 


7. 


The  style  of  lettering  used  by  draftsmen  Is 


letters. 


25. 


AAA  i 


A. 

Figure  11 


41 


Frame  Index 


Figure  22 

(Action)    Refer  to  the  above  figure  for  guidance  and  rotate  the  disc 
until  the  number  7  is  aligned  with  the  frame  index. 


17 


?9 


(single  -  stroke, 
vertical,  commercial 
gothic,  capital) 

8. 


All  finished  lines  on  a  drawing  are  black. 
Lettering  is  a  permanent  or  finished  line.'  To  obtain, 
dark,  penoanent  lettering,  we  will  use  an  HB  pencil. 


26. 

H-W  GROUP 


Refer  to  the  examples  on  the  facing  page  (Figure 
12),  and  note  that  the  letter  H  is  slightly  wider  than  it 
6  is  high.-  The  letter  W  is  one- third  wider  than  it  is  high. 

The  letter  U  is  the  widest  letter  in  the  alphabet. 

Practice  forming  these  letters  in  the  spaces 
provided  on  the  facing  page. 


42.  -  ' 

The  "Aities  Lettering  Guide"  has  three  rows  of 
holes  on  the  disbv,  The  outer  two  rows  are  labeled  2/3 
and  3/5,  ani  are  u^ed  primarily  for  lower  case  letters. 
Since  we  wiVNhe-^rming  upper  case  letters  ONLY,  the  two 
outer  rows  of  holes  will  be  disregarded.    Students  will 
use  ONLY  the  center  row  of  holes  for  the  construction  of 
guidelines.    The  center  row  of  holes  will  provide  you 
with  the  necessary  series  of  guidelines,  to  Include  the 
baseline,  centerline  and  the  capline.    (Refer  to 
Figure  23  for  an  example,) 


W) 


Response; 


Zo 

8. 


A  dr&ftsaan  will  use  an 
lettering. 


pencil  to  obtain  (tark,  permanent 


26. 


&  if  k  A        1  I 

F  

1  - 

WW 


Figure  12 


CAP  LINE 
CENTER  LINE 


BASE  LINE 


Response: 


Figure  23 


42. 


Students  will  use  only  the  .   row  of  holes  on  the  "Asnes 

Lettering  Guide"  for  the  construction  of  guidelines. 


19 


ERIC 


B 


ERIC 


m 


(HB)  9.  "  ,  ^ 

The  HB  pencil  that  we  use  for  lettering  must  be 
sharpened  to  a  long,  conic  point,  which  roust 
A  be  rounded  slightly  by  drawing  a  few  small  circles  on  a 

sheet  of  scratch  paper.   The  purpose  for  rounding  the 
point  is  to  remove  any  sharp  edges  that  could  tear  the 
paper. 


27.  •  .  ^ 

0  -  Q  ■  C  -  G  GROUP  -  ' 

All  the  letters  In  this  group  are  based  on  a  cir- 
cle.   The  circle  for  the  letter  0  is  drawn  with  two 
strokes.  | 

Study  the  examples  in  Figure  13  and  practice 
forming  the  letters  in  the  spaces  provided  on  the  facing  ^kj 
page. 


(center)  43. 


The  lettering  guide  is  used  by  placing  the  base 
of  the  guide  along  the  edge  of  the  T-square  (or  straight- 
edge), and  inserting  a  sharp,  5H  pencil  point  in  the  bot- 
tom hole  of  the  center  row.   Then,  the  pencil  is  used  to 
pull  the  guide  to  the  right  as  far  as  necessary  to  con- 
struct the  baseline.    Keeping  the  guide  in  its  stopped 
position  on  the  baseline,  the  pencil  point  is  removed  and 
placed  in  the  hole  above  in  the  center  row.   Next,  the 
guide  is  pulled  to  the  left  to  construct  the  center 
guideline.   Again,  the  pencil  point  is  removed,  and 
placed  in  the'  next  hole  (3d  from  the  bottoifl).  The 
capline  is  drawn  by  pulling  the  guide  to  the  right. 
(Refer  to  Figure  24  for  an  example.) 


3ao 


Rissoonse: 


To  prevent  our  paper  from  tearing  when  lettering,  we  roust 

  the  point  slightly  after  the  point  has  been 

sharpened. 


27. 


WW 


Figure  13 


V 


43. 


Figure  24 

(Action)    Draw  a  complete  set  of  #  7  guidelines  across  the  entire 
width  of  the  8^"  x  11"  tracing  paper  secured  to  your 
drawing  board.    The  capline  should  be  spaced  approximately 
one  inch  from  the  top  of  the  tracing  paper. 


21 


11 


(round)  10. 


44.  ■  ■  . 

Students  will  use  the  Number.  7  size  lettering 
far  all  TITLES   lettered  in  this  course. 


34 


i) 


The  HB  pencil  laust  be  rotated  after  a  few  strokes 
of  lettering,  so  the  point  will  remain  synwetrlcal  (bal-  -"^ 
a need/rounded  even),  ^ 


D  -  U  -  J   GROUP  - 1 


These  letters  are  drawn  with  combinations  of 
straight  and  curved  strokes. 

8  Practice  forming  the  letters  in  this  group, 

paying  particular  attention  to  the  junction  points 
where  the  curved  and  straight  lines  meet.  (See  Figure  14)  M) 


22 


Response: 


10. 


A  draftsman  should  form  a  habit  of  ^   .  his 

pencil  after  every  few  strokes  of  lettering  to  keep  the  point  bal* 
ahced  and  roundied  evenly. 


r\  r\  1  

1 

u 

1 

—  1 

-tf-W — 1  \ 

=eKI — \  \ 

 {  —1^  " ' '  ■ 

1  ■  1 

Figure  14 


44, 

(Act1b(i)     Using  the  guidelines  that  you  constructed  on  the  tracing 
paper,  letter  the  following  statement  (See  Figure  29, 

page  40) 


TITLES  ARE  ALWAYS  NUMBER  7 


23 


(rotating)  11. 

Utilizing  s  proper  and  corafortible  position 
improves  qtislity  of  your  lettering  tremendously  and 
also  enables  you  to  letter  for  long  periods  of  time 

without  tiring.  ^ 

A  PROPER  POSITION 

Holding  the  pencil  correctly  is  the  first  step 
for  attainting  a  proper  position.  The  second  step  Is 
using  the  correct  finger  or  wrist  noveiBeflt  to  form 
the  letters. 


29. 


p  -  R  -  B-  GROUP 


*  Note  the  application  of  the  "  Rule  of  Stabil- 

ity *  with  the  example  of  the  letter  B  in  Figure 
B  15.   The  middle  lines  of  P  and  R  are  on  the  center- 

line.   The  middle  line  of  the  B  Is  slightly  higher; 


Refer  to  the  facing  paglUnd  practice  letter- 
ing this  group  in  the 'spaces  pwided. 


45.  ^ 

Students  will  use  Number  5  size  lettering  for 
all  SUB-TITLES  required  throughout  this  course. 


3b 


24 


2J^ 


Rtsponse: 


n. 


The  first  step  for  attaining  a 
Is  holding  the  pencil  correctly. 


/ 


/ 


7^  :  I 


29. 


p  p  1 

n  o 

1  

 1 

■ 

'J 

 1^  

nf  K 

1  j  ! 

Figure  15 


-  45. 

(Action)     Set  your  lettering  guide  for  Number  5  size  lettering. 
Draw  a  complete  set  of  guidelirtds  for  Number  5  size  lettering 
on  your  tracing  paper.   The  capline  should  be  spaced  approxi- 
mately one*h|Jf  inch  below  th§/baseline  of  the  Number  7  guide- 
lines previously  drawn. 
• 

Letter  the  following  statement  between  the  Number  5 
guidelines  (See  Figure  29,  page  40). 


SUa-TlTLES  ARE  ALWAYS  NUMBER  5 


25 


ERIC 


'    ^  ZT 

(proper  position)     12.  '  ^jj^ 

% 

The  pencil  Is  held  with  the  thumb,  fore- 
finger, and  second  finger.   The  third  and  fourth 
A  fingers  rest  on  the  paper,  but  00  NOT  hold  the 

*  pencil.  "5 


Figure  1 


N  30.  .  ' 

S  >  8  >  3  GROUP 

The  letters  and  numerals  in  this  group 
are  closely  related  in  form,  and  the  "Rule  of 
Stability"  must  be  observed,  carefully.   The  ^ 
B  numeral  8  may  be  made  on  the  S  construction 

using  three  strokes,  or  by  adding  two  uipre 
strokes  to  the  numeral  3  (See  Figure  16). 

Practice  forming  the  characters  of  this 
group  in  the  spaces  provided  on  the  facing  page. 


46.  . 

ALL  LETTERING  (other  than  titles  and 
sub- titles)   will  be  accomplished  with  Number  4 
size  lettering  throughout  the  remainder  of  this 
course. 


3S 


26  m) 


Response: 


12. 


r 


The  thumb,  forefinger,  and  second  finger  are  used  to 
'  the  pencil.  * 


Figure  1 


30. 


Figure  16 


(Action)  ^  ^• 

Set  your  lettering  guide  for  Number  4  size  lettering  and 
draw  a. complete  set  of  guidelines  for  Number  4  size  lettering 
on  your  tracing  paper.    The  capline  should  be  spaced  approxi- 
mately one-half  inch  below  the  baseline  of  the  Number  5  guide- 
lines previously  drawn .  _ 

Letter  the  following  statement,  using  the  Number  4  size 
guidelines  (See  Figure  29.  page  40). 


SCALE.  DIMENSIONS  AND  NOTES  ARE  NUMBER  4 


27 


\ 


13. 


Vertical ,  slanting,  and  curved  strokes  are  drawn 
with  a  steady*  even  FINGER  jnoveinent.    This  is  accomplished 
by  using  the  holding  fingers  only,  with  NO  movement  of  the 
wrist.   The  third  and  fourth  fingers  are  used  to  support 
the  hand  on  the  paper  otsTy. 


X 


Figure  2 


4 


31. 


NUMERALS  0  -  6  -  9  GROUP 


B 


There. is  a  distinct  difference  between  the  letter 
0  and  the  nun^ral  0.   Note  the  width  of  the  example  shown 
in  Figure  17  on  the  facing  page.    The  numeral  0  is  5/6  as 
wide  as  it  is  high.   Your  attention  is  recalled  to  Frame 
27,  which  explained  that  the  letter  0  is  equally  as  widp 
as  it  is  high. 

All  the  numbers  in  this  group  are  to  be  drawn  as  5/6 
as  wide  as  they  are  high.  Practice  forming  these  numbers 
in  the  provided  spaces  on  the  facing  page. 

47. 

The  spacing  between  a  set  of  guidelines  will  always 
be  the  same  as  the  lettering  size.    This  will  permit  you 
to  draw  the  guidelines  for  all  lettering  and  spacing  at 
the  same  time. 


40 

V 


28 


Response: 


13. 


curved  strokes. 


jnovement  is  used  to  form  vertical ,  slanting  and 


31 




r-    ■  1 

Figure  17 


(Action)  0  ...  47. 

Draw  a  series  of  guidelines  for  two  lines  of  Ntsuber  4 
size  lettering.    Your  spacing  between  the  rows  of  guidelines 
will  be  the  same  size  as  your  letters.    (Refer  to  Figure 
29,  page  40  when  constructing  your  guidelines,  and  letter 
the  statements  shown  in  spaces. } 


29 


u 


14. 


Horizontal  strokes  are  niada  similar  to  verti- 
cal strokes ,  BUT  there  is /some  pivoting  of  the  hand 
at  thn  wrist. 


32.  ■ 

2-5-7  GROUP 

Note  the     Rule  of  Stability  "  as  applied  to 
the  examples  shown  in  Fiqure  18.    All  the  nutr^ers 
in  this  group  are  drawn  5/6  as  wide  as  they  are  high, 

Practice  forming  these  numbers  in  th^ spaces 
provided  on  the  facing  page. 


48. 

FRACTIONS 

Guidelines  are  a* ways  used  for  lettering 
fractions,  with  the  total  height  of  the  fraction 
twice  the  size  of  the  v  jle  number  (See  Figure  25) 


30 


Response:  ,  14. 


7  7  / 

Figure  18 


Figure  25 


31 


A 


33 


15. 

Vertical  strokes  are  made  entirely  by  finger 
movement.    Horizontal  strokes  are  made  by  pivoting  the 
whole  hand  at  the  wrist;  fingers  move  slightly  to  keep 
the  stroke  perfectly  horizontal.  . 


B 


33.         The  above  is  the  coiRplete  alphabet  with  numbers 
showing  you  once  again  how  the  letters  and  numbers  are 
formed  with  the  proper  stroke  order. 

Using  the  guidelines  on  the  facing  page,  letter 
the  alphabet  with  numbers.    Refer  to  the  examples 
above  to' insure  use  of  the  proper  stroke  order.  


49. 

Fractions  are  always  made  with  a  horizontal  bar. 
Be  careful  to  leave  a  clear  soace  above  and  below  this 
horizontal  bar  (See  Figure  26). 


i4 


32 


ERIC 


vv,.-  ■  "-v.  ^Z;.. k-^.  ^i.,       p.;..  I 

54- 


Response:  15. 


Vertical ,  slanting,  and  curved  strokes  are  drawn  with  a 
 moveinent  only. 


Horizontal  strokes  require  some  pivoting  at  the 


33. 


Figure  26 


ERIC 


35 


(finger,  wrist)  16. 

STROKE  ORDER  AND  DIRECTION 

To  make  each  repetition  of  each  letter  appear 
the  same,  a  draftsman  must  develop  a. consistent 
habit  of  stroke  order  and  direction. 

A 

In. the  following  frames ,  the  acceptable  se- 
quence ami  stroke  direction  are  given  for  right- 
handers. \{f  you  are  left-handed,  it  may  be  more 
suitable  for  you  to  at  least  reverse  the  horizontal 
stroke  direction. 


34.  ^ 

/  COMPOSITION 

« 

Proper  spacing  of  letters  and  words  contribute 
equally  as  much  as  the  letter  forms  for  the  appear- 
B  ance  of  a  block  of  lettering.   The  spacing  between 

letters  and  words  is  called  composition. 


50. 

Guidelines  for  fractions  are  easily  obtained 
with  your  lettering  guide.    Five  holes  on  the  middle 
row  must  be  used  to  obtain  whole  numbers  with  frac- 
C  tions.    The  third  hole  will  represent  the  middle  of 

the  fraction.  Study  Figure  27,  and  note  the-use  of 
the  guidelines. 


Response:  16, 


A  draftsman  must  develop  a  consistent  habit  of  stroke 

  _  and   .        to  make  repeti- 

tlons  of  each  letter  appear  Identical. 


Response:  34. 


The  appearance  of  a  block  of  lettering  is  enhanced  by  the 
forms  of  letters  and 


NOW,  TURN  BACK  TO  PAGE  4,  CHECK  YOUR  RES^NSE 
AND  PROCEED  WITH  FRAME  35. 


50. 

Na4 


L — 


SERIES  OF  5 


ALL  FRACTIONS  REQUIRE  A  TOTAL  OF 
5  6UIDELI1MES 

Fiqure  27 


35 


31 


(order,  direction)  ^  "^f) 

17,    {Action)  *   .  •  .  :. 

LETTER  STROKES 

On  the  guidelines  provided  in  Figure  5, 
practice  vertical  and  horizontal  strokes  by 
repeating  stroke  patterns  as  shown.    Be  sure  to 
A  employ  the  correct  position  and  insure  that  you 

use  sufficient  pressure  to  obtain  black  lines. 
Strokes  must  be  made  in  the  direction  of  the 
arrows  shown  in  the  illustration. 


\ 


51. 

'  / 

■On  the  guidelines  provided,  in  Figure  28, 
practice  lettering  fractions  by  repeating  the 
numbers  shown  in  the  upper  line. 


4  • 


is 


36 


5K 


 i  3  1 — 5 — 3^ — 4 — 5— J 

— a— 4a  T  AS— SI — gg 

Figure  28 
■37 


'If J 


3^ 


•I 


18.    (Action)  . 

\, 

Usincf  the\ guidelines  provided  fn  Figure  6, 
practice  V<eft  at^d  right  slope  strokes  by  repeating 
stroke  patterns  shown. 


\ 


52. 

Complete  the  lettering  exercise  on  your  tracing 
paper  by  lettering  the  statements  shown  on  Figure  29. 
Be  sure  to  use  the  letter  size  as  noted  on  the  left 
margin  of  the  figure.  (00  NOT  letter  the  size  numbers.) 


5n 


38 


4-0 


18. 


c 


Figure  6 

YOU  HAVE  NOW  COMPLETED  LEVEL  A.  TURN  BACK  TO  PAGE  4,  AND 
CONTINUE  WITH  FRAME^19,  LEVEL  B. 


TURN  TO  FIGURE  29,  PAGE  40,  AND 
COMPLETE  THE  LEHERING  EXERCI^ 
ON  YOUR  TRACING  PAPER. 
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INTRODUCTION 


The  purpose  of  this  booklet  is  to  furnish  students  the  opportunity 
to  broaden  (or  refresh)  their  knowledge  of  basic  mathematics.    It  is  a 
workbook  and  is  not  written  to  teach,  but  rather  to  afford  the  opportunity 
to  practice  calculations  and  operations  in  mathematics  which  may  hav«  been 

forgotten  ot^^fluire  refreshii 


The  booklet  is  referenced  to  the  Defense  Mapping  School  text,  "Com- 
>frehep^ive  Review  of  Mathematics"  (ST  003),  and  certain  sections  have  been 
^/..eatflinaed  where  additional  information  was  deemed  necessary. 
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BASIC  ARiTHMETIC 

1.  ADDITION.  SUBTRACTION.  MULTIPtlCATiaN  AND  DIVISION 
a.    Add  the  following: 

(1)  7642  +  698 

(2)  1794  +  15  +  379 

(3)  1274  +  673  +  1989  +  2(K)1  +12  +  5 

(4)  10792  +  1798  +  203222 

(5)  194002  +  18332  +  157 

^.    Perform  the  following  subtractions: 

(11  222796  -  198999 

(2)  15798  -  13989 

(3)  27654  -  25765 

(4)  391234  -  387345 

(5)  192123  -  187345 

c.    Work  the  following  problems: 

(1)  A  construction  company,  using  five  trucks,  hauled  the 
following  loads  of  soil  from  a  road  construction  site.  3t,  St,  2t, 
3t,  4t,  It,  4t,  2t.  3t,  3t,  2t.  2t,  3t,  5t,  5t,  4t,  3t,  3t,  2t,  2t, 
5t,  5t.    How  many  tons  of  soil  were  moved? 

(2)  From  the  sum  of  2732,  19237,  32432  and  79456  subtract 
the  sum  of  35678,  4567,  7890  and  2765. 

2.  COMMON  FRACTIONS    (Reference:    CRM  Text,  Section  II,  para  11-17) 

a.    As  discussed  in  above  reference,  addition  and/or  subtraction 
of  common  fractions  requires  reduction  of  all  fractions  to  their 
LOWEST  COMMON  DENOMINATOR  (LCD),    If  a  relatively  large  number  of 
fractions  are  involved,  the  determination  of  the  LCD  cannot  be 
accomplished  by  inspection.    Following  is  a  method  of  determining 
the  LCD.  ^ 


ANNEX  1  to  SECTION  I-VI 


b.    Let  us  assume  that  six  fractions  with  denominators  of  18, 
32,  7,  21,  30  and  28  are  to  be  added.    Set  up  this  problem  as 
fol lows: 


2 
3 

7 
2 


18 


32 


9 

3 
3 

3 
3 


16 
16 

16 
8 
4 
2 


7 

T 
7 
1 
1 
1 
1 


21 


80 


28 


/ 


21 
7 
1 
1 
1 
1 


40 
40 

40 
20 
10 
5 


14 
14 
2 
1 
1 
1 


What 


we  have  done  here  is  this:   we  factored  out  conmon  factors  of 
two  or  more  numbers.    That  is,  we  divided  each  number  divisible  by 
two,  writing  thi?  2  on  the  left  of  the  vertical  line,  and  the  number 
of  times  it  went  into  the  horizontal  number  under  such  number.  We 
also  copied  numbers  not  divisible  by  2  on  this  horizontal  line. 
Then  we  did  the  same  thing  with  3,  7,  etc.  until  no  common  factors 
remained.    The  LCD  (or  Lowest  ConnKfn  Multiple  (LCM))  is  then  found 
by  multiplying  the  common  factors  down  on  the  left  and  multiplying 
these  by  the  numbers  across  the  bottom  horizontal  line.    Our  LCD 
then  would  be  2x3x7x2x2x2x3x2x1x1x5x1  or  10080, 

c.    Determine  LCD  and  solve  the  following  problems: 


(1) 
(2) 
(3) 

(^) 
(5) 

(6) 
(7) 

(8) 

(9} 
(10) 

(11) 
(12) 
(13) 
(14) 
(15) 
(16) 
(17) 
(18) 

(19) 
(20) 
(21) 
(22) 


1/4  +  3/8  +  1/2  +  3/4  +  3/8 

3/16  +  3/4  +  1/2  +  1/4  +  3/8 

3/32  +  3/8  +  15/16  +  5/8 

51/64  +  29/32  +  5/8  +  7/8 

21/64  +  31/32  +  5/16  +  9/16  +  3/4 

1/5  +  24/25  +  2/3  +  9/5  +  14/15 

1/3  +  8/9  +  26/27  +  2/3  +  7/9 

1/8  +  3/8  +  7/8  +  3/4  +  13/16 

16/17  +  1/2  +  3/4 

21/22  +  3/ii  +  3/4  +  7/11 

4  1/2+3  7/8  +3/4+2  1/8  . 

12  7/8  +3  3/4+  11  31/32  +  12  1/2 

12  7/8  +4  7/8-  10  3/4  -  5  7/8 

11  19/32  +  12  9/ie  -  5  5/8  -  6  13/32 

2  2/3+6  4/5  +  7  7/12  +  8  17/20  +3  4/7-  25  17/21 

3/4  X  7/8 

5/8  X  7/8  X  1/2  X  2/21 
3x4x6x7 
1^ 


8x9 


X  3 


5  1/2  X  10  3/4  X  4  7/8 


21  15/16  X  5 
1/2    ^  2/3 
3/16  -  9/3 


4/7  X  11 
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(23)  1  5/8  4-  3/4 

(24)  21  7/8  4  15/8 

(25)  27  1/2  ^  1/4 

(26)  (3/4  X  4/8  X  1/2)  +  i/2 

(27)  (5/16  X- 1/2  X  8/9)  -i-  (1/2  x  3/4) 

(28)  (3/32  X  8/9  x  3/4)  +   (2/3  x  3/4) 

(29)  (17/8x2  1/4)  -r  .1/8 

(30)  (3  3/32  x  6  8/9)  -r  7/8 

3.    DECIMAL  mCTIONS    (Referertce:    CRM  Text,  Section  II,  para  18-26) 
a.    Remember  these  rules  of  thumb: 

(1)  To  reduce  a  comnon  fraction  to  a  decimal  fraction 
merely  divide  the  denominator  into  the  numerator. 

(2)  When  adding  or  subtracting  decimal  fractions  make  sure 
the  decimal  points  are  lined  up  vertically. 

(3)  In  multiplication,  multiply  fractions  as  whole  numbers 
and  on  the  product  count  off,  from  right  to  left,  the  sum  of  the 
decimal  places  in  multiplier  and  multiplicand. 

(4)  In  division,  change  the  divisor   into  a  whole  number 
(removal  of  decimal  point)  by  multiplying  the  divisor  by  10,  or  a 
multiple  thereof, and  also  multiplying  the  dividend  by  the  same 
number. 

  b.  Problems. 

(1)    Change  the  following  common  fractions  into  decimal 
fractions. 

(a)  3/8.  5/8,  7/8 

(b)  3/10,  3/100,  3/1000 

(c)  1/4,  1/2.  3/4 

(d)  1/5,  2/5,  3/5,  4/5 

(e)  3/7,  2/9,  10/11.  15/16 

(f)  1  12/13,  2  7/8,  13  12/25,  100  3/4 
^g)  25  15/16.  37  3/8,  12  11/32 

Ch)  15  7/15,  28  112/625,  19  117/227 

(i)  27  27/27.  212  15/75,  115  111/333 

(j)  127  2/3.  184  5/8 


>  ■■• 


(2)  Change  the  following  decii.il  fractions  to  common  frac- 
tions (proper  or  improper) 

(a)  1.625,  3.75,  16.875 

(fa)  0.5.  0.50,  0.6667 

(c)  3.125,  1.678,  2.556 

(d)  127.333,  12.422,  1.89 

(e)  U.675,  14.321,  11.123 

(3)  Add  the  following  decimal  fractions. 

(a)  127.321.  11.40,  159.3,  227.3456,  0.01 

(b)  12.4,  13.7214,  150,  162.875 

(c)  1.002;  114.1,  275.75,  0.008 

(d)  1756.321,  2706.41,  36.34567,  1.12 

(e)  1576.127.  35333.33,  1.001,  0.0001 

(4)  Perform  the  following  subtractions: 

(a)  1736.3941  -  169.01 

(b)  975.875  -  12.1 

(c)  1394.667  -  0.0008 

(d)  427.333  -  400.03 

(e)  1242.345  -  1080.5 

(5)  Solve  Ihe  following  problems: 

(a)  3.68  X  24.24  x  100 

24  x"  25  X  11.04  (to  3  decimal  places) 

(b)  Add  3  2/5     and   2  3/4   then  divide  the  sum  by 

3  4/10  4  1/8 

1  11/12,  and  change  the  result  to  a  decimal  fraction  (to  5  decimals) 

4.    POWERS  AND  ROOTS.    (Reference:    CRM.  Section  VI,  para  38-44.) 

 , — 

a.    Fractional  Exponents:    Any  number  may  be,  raised  to  a' 
fractional  power,  such  as  1/2,  1/3,  3/32,  2/5  etc,  etc.    It  is  a 
different  way  of  writing  the  expression,  using  the  radical_  sign. 
For  instance:    2  to  the  1/2  power  may  be  written  as   %/z,  and 

^  3/32  =  ^^\/P~  that  is: 
2 

In  fractional  exponents  the  numerator  of  the  fraction  is  the 
power  to  which  the  number  is  raised  and  the  denominator's  the 
index  of  the  root. 
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so 


b.   Negative  Exponents :   Negative  exponents  Indicate  that  the 
expression  Is  a  fraction  in  Itself  and  stands  for  "1"  divided  by  ' 
the  expression.  ^For  instance:  I  

-  12-2  «  12^*-  W  and  15-3/4  «  4,^/^ 

Numbers  with  the  same  base  are  multiplied  by  the  addition  of  their 
exponents .   They  are  divided  by  subtracting  exponents.   They  are 
raised  to  a  certain  power  by  multiplying  their  exponents  and 
have  a  root  extracted  by  dividing  their  exponents. 


Thus: 


a^  X  a^  »  a3+5   ,  ^8 


6       3      6-"'  3 
a   *  a       *  a 


\^  =  aS/3  .  ^2 
c.  Problems. 


( 1)    Find  the  square  of: 


(a)  72.  19,  28,  14 

(b)  12,  9,  17.  16 

(c)  15,  125,  75,  53  ^ 

(d)  1537  ^ 

(e)  234 

(2)  Find  the  cube  of: 

(a)  3,  6,  19,  12 

(£))  2.  4.  7.  8 

(c)  37 

(d)  565 

(e)  127 

(3)  Extract,  1  ng  hand,  to  two  decimal  places  the  square 

root  of: 


(a)  36481 

(b)  93536 

(c)  534361 

(d)  125.44 

(e)  866761 
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5.    RATIO  AND  PROPORTION      (Reference:    CRM, -Section  V,  para  34  -  37) 

a.  Problems. 

(1)  Find  the  values  of  the  following  ratios. 

Ca)    7/2  . 

(b)  3:1 

(c)  15:7  1/2  ' 
U)  18:17 

(e)  7/8 

(2)  Divide  $100  between  A  and  B  in  the  ratio  of  3:7. 

(3)  Fifty-one  students    entered  a  class.   33  of  them 
finished  the  course.    What  is  the  ratio  of  the  number  who  finished 
to  the  number. who  entered  the  class? 

(4)  What  are  the  invers'  ratios  of:  • 

-    2/7.  31/2 •    10  feet    .    22  1/2 
~9~"    50  feet  zJ/S 

(5)  A  road  bed  rises  2.5  feat  in  200  feet.   What  is  the 
grade?    (Grade  =»  rise  or  fall  per  100  feet) 

(6)  The  sca'ie  on  a  highway  map  is  given  as  1  1/2"  »  10 
miles     A  motorist  wishing  to  travel  between  two  towns  measures 
the  distance  on  the  map  as  8  3/4".   What  is  the  ground  distance 
between  the  two  towns? 

(7)  In  triangle  ACE.  AB  =  150  feet,  BC  =  300  feet,  CD 
300  feet,  DB  =  200  feet.    Find  length  of  side  AE. 


(8)  If  a  rod  4  feet  long  casts  a  shadow  7  feet  long,  what 
is  the  height  of  u  building  wWch,  at  the  same  time,  casts  a 
shadow  of  198  feet? 

(9)  A  level  party  does  30  miles  of  level  line  in  15  days  by 
working  4  hours  a  day.  If  this  same  party  had  worked  6  hours  a  day, 
how  long  would  it  have  taken  to  do  the  same  job? 
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6.  PERCENTAGES 

a.  Definition.    Percentage  is  the  process  of  computation  in 
which  the  basis  of  comparison  is  a  hundred.   The  tenn  per  cent-- 
frora  per,  by,  and  centum,  hundred  —  means  by  or  on  the  hundred. 
Thus,  2  per  cent  of  a  quantity  means  2  parts  of  every  hundred  parts 
of  the  quantity.  ' 

b.  Symbol.   The  symbol  of  percentage  is  S.   Per  cent  may  also 

be  indicated  by  a  coasnon  fraction  or  a  decimal.   Thus,  5%  «  5/100  *  .05 


c.  Base,  Rate,  and  Percentage. 

(1)  The  base  is  the  nuniber  on  which  the  percentage  is 
computed. 

(2)  The  rate  is  the   number  of  hundredths  of  the  base  to 
be  taken.  r 

(3)  The  percentage  is  the  portion  of  the  base  determined  fay 
the  rate. 

d.  Conversion  of  Oecinal  to  Per  Cent.    To  change  a  decimal  to 
per  cent,  move  the  decimal  point  two  places  to  the  right  and  add  the 
per  cent  symbol . 

EXAMPLE:    Change  .375  to  per  cent: 

?tove  decimal  point  two  places  to  right:  37.5 
Add  per  cent  symbol :    37.5%  ' 

e.  Con vers i OP  of  Fraction  to  Per  Cent.    To  convert  a  fraction 
to  per  cent,  di vi cie  the  numerator  by  the  denominator.    Then,  convert 
the  decimal  to  per  cent. 

EXAMPLE:    Change  the  fraction  5/8  to  per  cent: 

Divide  numerator  by  denominator:    5  +  3  =  .625 
Convert  decimal  to  per  cent:    .625  =  62.5% 
Thus,  5/8  *  62.5% 

f .  Conversion  of  Per  Cent  to  Decimal.    To  change  a  per  cent  to 
a  decimal ,  omit  the  per  cent  symbol  and  move  the  detJmal  point  two 
places  to  the  left. 

EXAMPLE:    Change  15%  to  a  decimal: 

Omit  per  cent  symbol:    15%  =  15 

Move  decimal  point  two  peaces  to  left:    15  -  .15 

Thus,  15%  =  .15  ' 


g.  Conversion  of  Per  Cent  to  Fraction.  To  change  a  per  cent 
to  a  fraction,  first  change  the  per  cent  to  a  decimal  and  then  to 
a  fraction.    Reduce  the  fraction  to  its  lowest  terms. 

EXAMPLE:    Change  25%  to  a  fraction: 

Change  to  a  decimal:   25%  «.25 
Change  to  a  fraction:    .25  «  25/100 

Reduce  fraction  to  lowest  terms:   25/100  »  1/4 
Thus.  25%  «  1/4 

h.  Finding  Percentage. 

(1)  General .   To  find  the  per  cent  of  a  number,  write  the 
per  cent  as  a  decimal  and  multiply  the  number  by  this,  decimal.  In 
this  case,   the  base  and  rat;e  are  given.   The  problem  is  to  find  the 
percent*  je. 

EXAMPLE  1:    Find  5%  of  140  (140  is  the  base,  5%  is  the  rate, 
and  the  product  is  the  percentage): 

5%  of  140  »  .05  X  140  =  7 

EXAMPLE  2:    Find  5.2%  of  140: 

5.2%  of  140  =  .052  X  140  7.28 

(2)  Solve  the  following: 

(a)  Find  the  relative  error  for  a  limit  of  error  of 
.05  inch  in  measuring  24.2  ir.ches. 

(b)  Find  the  relative  error  for  a  limit  of  error  of 
2  inches    i  measuring  200  yards. 

(c)  A  genp- nor  is  rated  at  2,000  watts  with  a 
maximum  output  of  2,100     tts.    What  is  the   per  cent  of  overload 
capacity? 

'(3)    Finding  Per  Cent  Greater  than  100  Per  Cent.    To  change 
a  per  cent  larger  than  100  per  cent  to  a  decimal,  move  the  decimal 
point  two  places  to  the  left  as  with  percentages  smaller  than  100 
per  cent. 

EXAMPLE:    75%  of  a  number  is  .75  times  the  number 
100%  of  a  number  is  1.00  times  the  number 
150%  of  a  number  is  1.50  times  the  number 
325%  of  a  number  is  3.25  times  the  number 

(4)    Finding  Per  Cent  Smaller  Than  1  Per  Cent.    To  find  a 
part  of  1  per  cent,  first  find  one  whole  per  cent  of  a  number  auj^ 
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tlien  determine  the  part  called  for» 


EXAMPLE  1:    Find  1/2%  of  840: 
IS  Of  840  -  8.40 
1/2  of  8.40  «  4.20 
Thus,  1/2S  of  840  -  4.20 


EXAMPLE  2:    Find  3/5%  of  15: 
1%  of  15%  »  .15 
3/5  of  .15  »  .09 
Thus,  3/5%  of  15 


.09 


1.    Finding  Rate.    To  find  what  per  cent  one  number  is  of 
another,  write  the  problem  as  a  fraction,  change  the  fraction  to 
a  decimal,  and  write  the  decimal  as  a  per  cent.    In  this  case,  the 
percentage  and  base  are  given.    The  problem  is  to  find  the  rate. 


EXAMPLE  1: 


3  is  what  per  cent  of  8?  (3  is  the  percentage, 
8  is  the  base,  and  the  quotient  is  the  rate. ) 

3/8  '  .375 
.375  »  37  1/2% 

Therefore ,  3  is  37  1/2%  of  8 


EXAMPLE  2:    What  per  cent  of  542  is  234? 


EXAMPLE  3: 


234/542  «  .4317  +  (round  off) 
.432  «  43.2% 

Therefore  234  is  43. 2t  of  5^ 
125  is  what  per  cent  of  50? 


.      125/50  =  2.50 
]     2.50  =  250% 

I    Therefore,  125  is  250%  of  50  ' 

j.    Finding  Base  Numbers.    To  find  a  number  when  a  per  cent  of 

the  number  is  known,  first  find  1%  of  the  number,  then  find  100«  of 

the  number.    In  this  case,  the  percentage  of  the  whole  number  and 
the  rate  are  given,    the  problem  is  to  find  the  base. 


EXAMPLE  1:    42  is  12%  of  what  number? 


12%    (base  number)  =  42 
1%    (bass  nutnber)  =  42/12  =  3.50 
100%    (base  number)  =  100  x  3.50  *  350 
Therefore  the  base  number  is  350 


EXAMPLE  2:    45  fs  150%  of  what  number? 

150%  (base  number)  «  45 

1%  (base  nuniber)  *  45/150  «  .3 

100%  (base  number),  »  100  x  .3  «  30 

Therefore  the  base  number  is  30 

(1)    Numerical  Problems.    (Express  in  S) 


(a) 

1/5 

(b) 

1/4 

(c) 

1/3 

(d) 

3/4 

(e) 

.25 

if) 

.765 

(9) 

.608 

(h) 

2.24 

(2)  Your  cotnpany  Is  building  24  miles  of  road.   What  per 
cent  completed  are  you  whan: 

(a)  7  miles  are  completed. 

(b)  3  miles  are  completed. 

(c)  15  miles  are  completed. 

(d)  21  miles  are  completed. 

(3)  Verbal  Problems. 

(a)  A  construction  company  has  poured  360  cubic  yards 
of  concrete;  if  this  is  25%  of  the  total  amount  to  be  poured,  how 
many  cubic  yards  will  be  required  to  complete  the  job? 

(b)  A  company  contains  136  men.    If  this  is  80%  of  thp  T/n 
strength,  what  is  the  total  strength  of  the  company? 


(c)  Your  unit  uses  460  gallons  of  gasoline  a  month. 
You  are  ordered  to  reduce  that  by  20% T  How  much  gas  can  you  draw 
next  month? 

(d)  There  are  180  men  in  your  unit.    You  must  send  15% 
of  them  on  special  detail .    How  many  men  will  you  send? 

(e)  If  solid  rock  expands  upon  blasting  by  90%,  how 
many  cubic  yards  of  loose  rock  will  a  solid  rock  of  180  cubic  yards 
give? 
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(f>   1+  you  spend  48  hour-s  out  of  960  hours  on  roathe- 
natics.  what  percent  of  your  time  do  you  spend  on  mathematics? 

7.    THE  METRIC  SVSTEH  Um  CONVERSION  TABLES  (Reference:    CRM »  Section 
IV,  Para  27  -  33)  ' 

a.  Kost  of  the  countries  of  the  world,  except  the  United  States, 
have  converted  to  the  Metric  System  of  measurement.   Therefore,  when 
working  in  these  countries,  we  iBust  be  familiar  with  and  be  able  to 
proficiently  use  this  system. 

b.  Let  us  first  review  the  metric  system  of  temperature  Hieasurement. 
The  freezing  point  of  water  is  22°  Fahrenheit  (F)  In  the  English  Systen 
and  we  know  that  water  bolls  at  ?.12°F.   When  using  the  Metric  System,  we 
see  that  the  freezing  point  Is  OO  Celsius  (C)  and  the  boiling  point  is 
100»^. 

c.  To  change  from  one  system  to  the  otherO:he  following  formulas 

may  be  used: 

(1 )  To  convert  from  Fahrenheit  to  Celsius: 
C°  =  5/9  (J^  -32) 

(2)  To  convert  from  Celsius  to  Fahrenheit: 
^  -  (9/5  CO)  +32 

A,    The  basic  unit  names  of  the  various  types  of  measurements  are 
as  Tollows: 

Length:    Meter  (m) 
Volume:    Cubic  meter  (m^) 
Area:    ^  Square  meter  {m) 
Weight:    Gram  (g) 

e.  The  following  prefixes,  in  combination  with  the  basic  unit  names, 
provide  the  multiples  and  submultiples  in  the  Metric  System. 

10*3     milli  (m)  10      deka  (da) 

10-2     centi  {c\  W     hecto  (h) 

10--^     deci    (d)\  10^     kilo  (k) 

f.  Thereto re.  the  unit  name  "meter",  with  the  prefix  "kilo"  added, 
produces  "kilometer*",  meaning  "1000  meters"..  Or,  1  Km  «  1000m.    If  "meter" 
is  preceded  by  the  prefix  "milli,"  the  result  is  the  common  term  "milli- 
meter" (mm)  which  is  one  thousandth  of  a  fueter.  (.001m.) 

g.  The  simplicity  of  the  metric  system, is  due  to  the  fact  that  it  is 
based  upon  a  decimal  arrangement  and ,  regardless  of  the  type  of  measure- 
ment, there  is  only  one  basic  unit  -  the  meter.    We  can  refer  to  the  fol- 
lowing era  oh  to  keep  us  straight: 


n 

■  ■  t 
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1000.0 
Km 

 1  


^  100.0 
hm 


10.0 
dam 


1.0 
m 


.1 
dm 


4- 


.01 

cm 

— 1- 


.001 
ma 


# 


(If  we  convert  meters  to  decimeters,  we  move  1  division  to  the  right 
(multiply  by  10)  or  move  the  decimal  point  1  place  to  the  right.    If  m  to 
cm:    2  division  or  2  places  to  the  right.    If  ra  to  hm:   2  division  or  2 
places  to  the  left  (or  Im  «  0.01 hm) 

The  metric  measurements  in  most  common  use  are  shown  in  the  following 
tables: 


Length 

10  millimeters  * 
10  centimeters  « 

10  decimeters  » 
1000  meters 


1  centimeter 

1  decimeter 

1  meter 

1  kilometer 


Mass 

1000  milligrams  «  1  gram 

1000  grams         *  1  kilogram 

1000  kilograms   •  1  metric  ton 


Volume 


1000  cubic  centimeters 
1000  liters 


1  liter  i 
1  cubic  meter 


h.  The  following  conversion  tables  are  a  great  help  in  converting 
from  one  system  to  the  other: 
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CONVERSION  FACTORS 


LEN3TH  OR  DISTANCE 


UNITS 

Centimeter 

Meter 

Kilometer 

inch 

Foot  * 

yard 

Mile 

CENTIMETERS 

1 
100 
100000 

7.bH 
30. 48 
31. hH 
16093U.U 

^KTERS  1 

.01 

1 

1000 
0.025** 
C.3U48 
0.91UU 
1609.3«*»t 

KILOMETERS 

.00001 
.001 

1 

0.000025«* 
0.00030^8 

o.ooo9m«t 

1.6093Ht» 

INCHES 

0.3937 
39.37 
39370. 
1 

12 
36 
63360 

FEET 

0.0328034 
3.28084 
1280.84 
0.08333 
1 
3 

S280 

VARDS 

0.0109361 
09361 3 
1093.613 
0.0277778 
.373333 
1 

1760 

MILES 

.0000062137 
.00062137 
0.6?137U  - 
.000015783 
.000189394 
.000568182 
1 

SURFACES  AND  AREAS 

UNITS 

Square  Inch 
Square  Foot 
Square  Yard 
Acre 

Square  Mile 
Sq  Centimeter 
Square  Meter 

SQUARE 
INCHES 
1 

1296 

627261+0 
M014469600 
:  0.1550003 
15S0.003 

SQUARE 
FEET 
0.0069444 
1 

M3560 
27878HO0 
1  0.0010764 
10.76391 

SQUARE 
YARDS 
0.0007716 

o.nuii 

1 

3097600 

0.00011960 

1.1959899 

;  \  ACRES 

0.000206612 
1 

6ti0 

i  0.000247105 

SQUARE 

MILES 

0.0015625 
1 

SQa<^RE 
CENTIMETERS 

92S.C30H 
8361.2736 
4046S5&4.2 
25899881103. 

10000 

SQUARE 
METERS 

.00064S16 

.09290304 

.8361273t. 
404&.e56422<* 
2S899S8. 11033 

.0001 

1  — 

MASSES  ANf 

3  WEIGHTS 

UNITS 

Pound,  Troy 
Pound, Avoir. 
;  Gram 
Kilogram 
Short  Ton 
Long  Ton 
Metric  Ton 

POUNDS. TROV 
1 

1.2152778 

0.0026792 

2.G79229 

2430.556 

2722.223 

2679.2298 

POUNDS, AVOIR. 

0.8228571 

i 

0.0022046 
2,204623 

2000 
'  22HQ 
2204.623 

^ GRAMS 

373.2m7216 

iibd. 53227 
I 

1000 
90718M.74 
10160146.9088 
1000000 

KILOGRAMS 

0.3732M17215 

0.45359237 
0.001 

1 

907.18474 
1016.0469088 
1000 

SHORT  TONS 

0.0004114 

0.0Q05 

0.00110231 

1 

J  .12 

1.102313 

LONG  TONS 

0.0003673 
C. 0004464 

0.0009S4£ 
0.8928571 

1 

0.9842065 

METRIC  TONS 

.00037324 

0.0004^359237: 

0.000001 

0.001 

0.90718474 
1.0160469088  ■■ 
1 

r^P,Y„jght  faced  type  numbers  are  exact, 
hKJC 


ANGULAR 


MEASURE 


1  lli  ¥TC 

CIRCLE 

DEGREES 

uKAuS 

niLS 

MINUTES 

StCWiUS 

KAuiriiS 

Circle 

1 

360 

MOO 

6^0U 

21600 

1296000 

Degrees 

.lH)2/778 

i 

1 ,11111 1 

M  .til  Ho 

60 

3600 

Grads 

.00250 

0,5000000 

i 

it) 

3240 

Mils 

.000156 

0*05625 

0.06250 

I 

3.3750 

202.50 

0*000981 75 

Hinutes. 

0.016667 

0.0185185 

0.2962963 

1 

60 

0.000290388 

Seconds 

0.000278 

0.00030864 

0.0049383 

0.01667 

1 

Radians 

.159155 

57.295788 

63.66199 

1018.58925 

3437.7492 

206265 

X. 

VOLUME  AN 

D  CAPACITY 

UNITS 

CUBIC 

CUBIC 

CUBIC 

LITERS 

!  QUARTS. DRY 

'  CUBIC 

INCHES 

FEET 

YARDS 

METERS 

Cubic  Inch 

1 

0.0005787 

0.00002143 

0.016387064 

O.G'i  48808 

.00001638706M 

Cubic  Foot 

1729 

i 

0.03703704 

28.316846592 

25.71405 

.026316846592 

Cubic  Yard 

H665B 

2? 

i 

?6M.55«i8S738»i 

694.27935 

.7645548579B4 

Liter 

61.02374 

0.03531467 

0.00130795 

1 

0.90808298 

.001 

Quart,  Dry 

67.200625 

C.038S8925 

0.0014403 

1.101221 

i 

.001101221 

1  Cubic  Meter 

61023.74 

35.31467 

1 . 3079506 

1000 

908.08 

1 

All  light  faced  type  numbers  are  exact. 
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i .    Probl  ©ns . 
(1)  Find: 


(a)  C°  if      »  590 

(b)  if  CO  «  30O 

(c)  if  CO  »  940 

(d)  C°  if      =  -4° 

(e)  C°  if      =  32° 

(f)  C°  if  F^  «  130° 
po      c°  «  72° 

You  are  checking  your  tape  for  the  appropriate 
tape  correction.  Your  tape  is  standardized  at 
68°  F  but  you  have  a  metric  thermometer.  What 
°C  is  equal  to  68°  F? 


(2)  Convert: 

(a)  1200  m  to  cm 

(b)  150  cm  to  m 

(c)  2535  km  to  m 

(d)  150  dm  to  km 

(e)  1200  hai  to  km 

(f)  12.5  m  to  yds 

(g)  135  in  to  cm 

(h)  125  cm  to  ft 
(1)  12  3/8  ft  to  m 
(j)  127.5  m  to  ft 

(k)  100  in3  to  liters 

(1)  125  liters  to  cubic  inches 

(m)  12  ft3  to  liters 

,(n)  1  in2  to  on^ 

"  ^0)  137  yd3  to  m3 
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ALGEBRA 


ADDITION  AND  SUBTRACTION.    (Ref:    Sec' VI I,  para  45-51,  CRM  Text) 

a.  Add  the  following: 

(1)  a  +  b  and  a  -  b 

(2)  5x-  4-  6x  -  2  and  3x2  _  7x  +  2 

(3)  ax2  +  bx  -  4;  3a x^  -  2bx  +  4;  -4ax2  -  2bx  +  5 

(4)  x^  -  3x3  +  2x2  -  4x     7;  3x^  +  2x3  +  x^  -5x  -6; 
4x^  +  3x3  .3x2  +  9x  -2 

^  (5)    3x2  .  xy        -3y2  -        -5x2  .^y  -xz  5yz; 

+y2  +  32?  +  3y2;  6x2  +  4xz  -  6y  -  6z;  5x2  +  4y2 

b.  Subtract: 

(1)  2a  -  3b  -  3c  from  8a  -  4b  -  2c  . 

(2)  -5a2  c  +  6a2  b  +  b3  from  5a2  c  +  6a2  b  -  8a-> 

(3)  3x4  +  ax3  -  4bx3  +  6cx  +  d  from  x4  +  3ax3  -  2bx2  +  3cx 


c.  Simplify: 

(1)  a  -  b  [a  -  (b  -  c)  -  c] 

(2)  a  -  [b  +  c  -  a  -    a  +  b)  -  c]  +  [2a  -  (b  +  c)] 
rUlTIFlI CATION.    (Ref:    Sac 'X,  para  54-57,  CRM  Text) 
Multiply  the  following: 

a.  x  +  10  by  x  +  6 

b.  x  +  3  by  X  -  3 

c.  a2  -  7a  +  2  by  a2  ,  2a  ♦  3 

d.  x3  +  4x2  +  5x  -  24  by  x2  -  4x  +  11 

e.  x  -  3  by  2x  +  3 


Divide 

a.  x2  4-  2xy  by  x 

b.  -  30a7  +  20a9  by  -  10a6 

c.  a2  +  7a  +  12  by  a  +  4 

d.  a3  -  8a  -  3  by  -  a  +  3 

e.  x3  +  3x2  y  +  3  xy2  +  y3  +  z3  by  x  +  y  z 


DIVISION.    (Ref:    Sec  XI.  pare  58-60.  CRM  Text) 


ANNEX  1  to  SECTI  -N  VII-XII 
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4.  EQUATION  SOLVINS, 

a.  Solve  for  x  and  verify  the  answer. 

(1)  5x  -  4  »  16 

(2)  5x  «  3x  +  6 

(3)  4x  -  11  »  2x  -  5 

(4)  6(3x  -  I)  .  8x  *  140  +  2  (x  -  1) 

(5)  (5x  +  3)  -  2  (x  -  1)  +  (1  -  x)  =  4  (9  -  x) 

(6)  7  -  21  (x  +  3)  -  13  -  15  (2x  -  5) 

(7)  5  (x  -  3)  -  7  (6  -  x)  +  29     50  -  3  (8  •-  x) 

b.  If  a  number  is  multiplied  by  9,  the  product  is  810.  Find 
the  nuunijer. 

c.  A  tree  100  feet  high  was  broken  so  that  the  part  broken  off 
was  9  times  the  length  of  the  part  left  standing,    ^ind  the  length 
of  each  part. 

d.  Three  times  a  given  number  diminished  by  20  is  equal  to  the 
given  number.     Find  the  number. 

e.  A  tank,  capacity  1500  gallons,  has  three  pipes.    The  first 
lets  in  8  gallons  a  minute,  the  second  10  gallons,  and  the  third 
12  gallons  a  minute.    In  how  many  minutes  will  the  tank  be  filled? 

f .  A  man  is  now  twice  as  old  as  his  son;  20  years  ago  he  was 
four  times  as  old  as  his  son.    Find  the  age  of  each. 

5.  LAWS  OF  EXPONENTS. 

a.  must  remember  the  basic  laws  of  exponents.    These  are: 

(1)  Law  1:    a%"  =  a"^" 

(2)  Law  II:    (a"')"  =  a™i 

(3)  Liw  III:  (ab)"  =  a"b" 

(4)  Law  IV:    (a/b)"  =  a"/b" 

(5)  Law  V:    a^^/a"  =  a"""" 

(6)  Law  VI:    n,^/a^=  a*"/" 

b.  In  other  words: 

fl)    If  we  multiply:    We  add  exponents. 

(2)  If  we  divide:    We  subtract  exponents. 

(3)  If  we  raise  to  a  power:    We  multiply  the  exponents 
by  the  power  which  we  raise, 

(4)  If  we  extract  a  root:    We  di vi de  the  exponents  by  the 
Index  of  the  root. 
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This,  in  fact,  is  all  we  need  to  remember  of  the  Law  of  Exponents. 
Please  note:    We  neither  "add"  nor  "subtract" ,  by  use  of  exponents 


74 
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GEOMETRY 


1.  DEFINITION.    (Ref:    CRM,  Section  XIII,  para  68) 

Geometry  is  tne  basis  of  mathejnatics  for  the  surveyor.  ' 
Simply  defined,  it  is  the  studiy  of  shape.    £ver7thing  the  surveyor 
does  is  related  to  geometry. 

2.  ANGLES.    (Ref:    CRM,  Section  XVI,  para  81) 

.a.    The  intersection  of  two  lines  forms  an  angle.   The  meeting 
point  is  called  the  vertex.    The  meas:  rement  of  the  angle  is 
determined  by  the  rotation  of  one  lint  from  another. 


A  complete  rotation  Is  divided  into  360  parts  called  degrees  (shown 
t  /  dotted  line).    Each  degree  is  divided  either  by  decimals  or  by 
60  minutes  per  degree  and  60  seconds  per  minute.    In  the  metric 
system  a  complete  rotation  is  divided  into  400  grads. 

b.    In  working  with  angle  measurements  there  are  two  con- 
version factor.,  tnat  will  be  quite  handy: 


1^  ( iegree)  =  60  (minutes) 


r  (minute)  -  69  (seconds ) 


ANNEX  1  tu  Section  XIII-XVI 
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(1)  The  steps  to  be  followed  in  converting  are 
as  follows: 

For  coi  verting  degrees  and  minutes  to  decimal  degrees 
and  vice-versa: 

No.  of  Minutes  -     =  decimal  degrees 
 50  

{&}    Convert  92°  32'  to  decimal  degrees 
32  minutes     =  .533° degrees 

 m 

ANS:  92.533° 
(b)    Convert  63.45°  to  minutes 
60  X  .45°=  27  minutes 
ANS:    6:f  27' 

(2)  Thf'  same  proporti  >n  will  hold  true  when  converting 
seconds  to  decinal  minutes  and  vice- versa: 

Ho,  of  seconds     =  decimal  minutes 
60 

3.    SUPPLEMENTARY  DEFINITIONS. 
a.  Angles. 

(1)  Straight  Angle  -  angle  equal  to  18C° . 

(2)  Reflex  Angle  -  angle  greater  than  180°  but  less  than 

360  2. 

(3)  Scalene   Triangle   -  A  triangle  wh  re  no  two  sides  are 
^qual ;  therefore,  no  two  angles  are  equal. 

(4)  Congruent  Triangles  -  If  two  sides  of  a  triangle  are 
equal  to  two  sides  of  another  triangle  and  the  included  angles  in 
both  triangles  are  equal,  then  the  triangles  are  congruent. 

(5)  Sum  of  the  Inte>-ior  Angles  (for  a  polygon) 

i  =  (n  -  2)  180° 
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where  n  is  the  number  of  interior  angles  in  the  figure 

A 


EX 


n  «  3  tnterior  angles: 
ABC,  BCA  and  CAB 


C  B 

Hi  »  (n  -  2)  180** 

Z<i  «  (3-2)  ISC® 

r^i  =  (1)  18C» 

2:«|:i  =  180*'  for  a  triangle 

(6)    Sum  of  the  exterior  angles  (for  a  polygon) 

'  2=^  (n  +  2)  180** 

where  n  equals  the  number  of  exterior  angles 
EX:  (S  ^  n 


f 


4  exterior  angle's: 
ABC,  BCD,  CDA  and 
DAB 


2=  (n  +  2)  180« 
2  =  (4  +  2)  180° 
^  =  (6)  180° 

-  -  1080°  for  a  quadrilateral 
b.    Solids    (Three  Dimensional  Figures) 
(1}    Cylinder    (of  constant  radius) 


(2)  Cone 


Vol  =  r  r^h 


Vol  =  1/3  rr^h 
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(3)  Sphere 


(4)  Cube 


Vol  =  4/3 


Vol  =  S3 


c.    Prism  (of  constant  cross-section) 
Vol  -  (area  of  base)  (length) 
(1)    Rectangular  Prism 


=  bh  •  L 


Shaded  area  rectangle  A  =  bh 
(2)    Tri  angul 


Vol  =  1/2  bh  •  L 


S haded  area  triangle  A  =  l/2bh 


(3)    Trapezoidal  Pris 


m 


Vol  =  l/2h  (bi  +  b  2) 
•  L  . 


Shaded  area  trapezoid  aree  =  1/2  h  (b^  +  bo) 


7^ 
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d.   Volume  Formulas 

(1)  In  surveying,  problems  often  arise  as  to  volumes  of 
earth  to  be  removed  for  a  cut  or  added  for  a  fill.    In  a  probleii? 
such  as  this,  the  figure  usually  does  not  have  a   constant  cross- 
sectional  area;  therefore,  prism  formulas  will  not  apply. 

(2)  For  approximate  volume  of  this  type  the  surveyor  will 
usually  use  one  of  two  formulas,  according  to  the  accuracy  needed: 


iverage  End  Area 
Vol  -  \  + 


Formula 


Volume  equals  the  average  of  the  two  end  areas  (Ai  +  Ag)  times  the 
distance  between  the  two  end  areas. 


Prismoidal  Formula 

(More  accurate  than 
Average  End  Area  Formula) 

Vol  =  A|  +  4A^  +  A2 

Volymeequals  the  average  ot  the  two  end  areas  (A|  and  Ag)  plus 
four  times  An?  where  Am  is  found  by  meaning  the  corresponding  linear 
dimensions  of  the  end  sections  A-j  &  Ag. 

4.  PROBLEMS. 

a.    Convert  the  following: 


(1) 
(2) 
3)' 
4} 


It 

68° 
82° 


^  10'  to  decimal  degrfe^s 

13'  42"  to  decimal  degrees 

04*  18"  to  decimal  degrees 

34'  55"  to  decimal  degrees 


(5)  82.315°  to  degrees,  minutes  and  seconds 

(6)  98.8870      degrees,  minutes  and  seconds 

(7)  162.4310  to  degrees,  winutes  and  seconds 

(8)  145.564210  to  degrees,  minutes  and  seconds 

fa.    Find  the  sum  of  the  interior  angles  for  the  following 
polygons. 

(1}  Hexagon  (6  sided) 

(2)  rhocnbus  (4  sided)  - 

(3)  pentagon  (5  sided) 

(4)  dodecagon  (12  sided) 

c.  Find  the 'sum  of  the  exterior  angles  for  the  following 
polygons. 

(1)  triangle 

(2)  square 

(3)  octagon  (8  sided) 

(4)  decagon  (10  sided) 

(5)  heptagon  (7  sided) 

d.  Find  the  Volumes  of  the  following  figures  in  cubic  feet. 

(1)  sphere  -  r  *  3  feet 

(2)  cone  -  r  «  9  inches ;-h^'  1  foot 

(3)  cylinder  -  r  «  80  feet;  h  «  21  feet 

(4)  square  -  s  *  8  feet 

/■ 

e.  Solve  the  following  problems. 

(1)  cylinder:     ol  *  40  cu  ft;  h  *  10;  r  =  ? 

(2)  Mr  Jones  wants  to  paint  the  outside  of  a  gasoline  storage 
tank  (see  figure)  that  is  80. feet  high  and  200  feet  in 
diameter.    How  much  paint  must  he  buy  if  1  gallon  will 
cover  90  square  feet? 


(3)    In  order  to  butld  a  road,  a  fill  must 
across  a  swamp.    The  cross  section  of 
trapezoid.    At  one  end  it  has  an  area 
yards  and  the  other  48  square  yards, 
is  430  feet,  what  volume  of  earth  will 


be  ctinstructed 
the  fill  is  a 
of  32  square 
If  the  distance  . 
be  needed?  (yd"^). 


so 

24 


^  70 

(4)  A  rqid  Is  to  be  built  between  an  existing  rcK^d  and  « 
bridge  abutment.    Figure  the  volume  using  the  prif.raoidal 
formula. 


M  60'  H 


At 
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LOGARITHMS  . 

(Ref:    CRM.  Sec.  mi  P^ra  53,  to  Sec.  XU  Para  94}  • 

The  treatment  of  logarithms,  as  per  above  cited  references,  is 
completely  .adequate,  however^  followi/ig  is  a  s!ight'iy  different 
approach  which  should  prove  helpful. 

1.  DEFINITION. 

The  Jogar^'thm  of  a  given  number  is  the  power  to  which  another 
number /called  the  base)  fust  be  raised  to  equal  the  given  nufnber. 

» 

EXAMPLE:  Find   the  logari thm  of  1000  to  the  base  10,  From 
the  definition,  the  logarithm  of  a  number  (WOO) 
is  the  power  (x)  to  which  another  number  called 
the  base  (10)  must  be-rafs^d  to  equal  the  given 
number  (1000).    Thus,  10^  «  1000.  Since  103  =  1000, 
then:    IQx  =  103  and,  by  inspection  x  -  3.  There- 
fore, the  logarithm  of  1000  to  the  base  10  equals 
3   or  log  m  1000  «  3.    Since  Conrnon  Logarithms  use 
the  number  10  as  a  base,  and  since  they  are  so 
•  '    universally  used,  the  number  10  (as  in  login),, is 

usually  omitted.   We  now  just  write:    log  lOOO  »  3. 

? 

2.  PARTS  OF  LOGARITHMS. 

a.  Logarithms  are  divided  into  two  parts,  the  integer  andj 

the  decimal,  or  as  we  call  them:    the  CHARACTERISTIC  and  the  MANTISSA. 

b.  The  characteristic  of  any  number  greater  than  1  is  onei less 
than  the  number  of  digits  to  the  left  of  the  decimal  point.    If  there 
are  no  numbers  to  the  left  of  the  decimal  point,  the  characteristic 
is  negative.    Thus,  the  characteristic  for  the  number  3  is  1-1  or 
zero,  since  there  is  one  number  to  the  left  of  the  decimal  point. 
The  characteristic  for  30,  with  two  numbers  CQ  the  left  of  the 
decimal  point,  is  2-1  or  1.    Similarly,  the  characteristic  for  300  . 
is  2,  and  the  characteristic  for  3000  is  3. 

c.  The  characteristic  of  the  log  of  a  decimal  is  negative  and 
is  based  upon  the  position  of  the  first  rational  number  to  the  right 
of  the  decimal  point.    In  the  number  .327,  for  example,  the  first 
significant  number  is  the  first  decirr<al  place  and  the  character- 
istic is  -1.    Similarly*  thp  characteristic  for  .003  is  -3,  and 

the  characteristic  for  .0003  is  -4. 

ANNEX  1  to  SECTION  XVII  -  XIX  . 
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d.    The  decimal  pa^"  of  the  logarithm  is  called  the  mantissa. 
The  mahtissa  is  what  i    recorded  *n  logarithm  tables  and  is  always 
the  same  fqr  a  given  sequence  of  digits,  regardless  of  where  the 
decimaV  point  appears  among  them.   Thus,  the  mantissa  is  the  same 
for  1570,  157.0,  15.7,  U57.    The  characteristic  tells  us  where 
the  decimal  point  belongs.   The^ogarithrns  of  the  numbers  are, 
respectively,  3.195  900,  2.195^900,  1.195  900  and  0.195  ^0. 

REMEMBER:   The  mantissa  is  always  positive  even  when  the 
characteristic  is  negative-   As  we  said  before:    the  only  thing 
the  characteristic  tells  us  is  whare  to  place  the  decimal  point 
(or  where  It  was).  We  should  not  say,  for  exanfjle,  that  tha 
logarithm  of  .157  is  -1.195  900.   What  we  mean  to  say  is  -1. 
followed  by  a  +.195  900.   To  overcome  this  we  write  the  negative 
(minus)  sign  above  the  characteristic  and  make  It  long  enough  to  . 
cover  the  entire  negative  portion  of  the  logarithm.  Therefore, 
v«  w,Jd  write  the  log  of  .157  as  1.195  900. 

.  e.   This  use  of  negative  characteristics  used  In  conjunction 
with  positive  niantissas  creates  a  problem  in  the  addition  and 
subtraction  of  logarithms.   What  we  do  to  eliminate  this  complica- 
tion is  this:   we  add  10.0  to  the  characteristic—and  then  subtract 
IC  from  the  whole  logarithm.    It  will  work  like  this:   we  found 
the  log  of  .157  to  be  f.l95  900.   We  now  add  10  to  the  character- 
istic and  subtract  10  from  the  whole  log. 

10.000  000  -  10 
1.195  900 

9.195  90D  -  10 

We  can  readily  Scse  that  9-10  =  -1.    Also,  the  log  of  .0157  = 

2.195  900  which  we  write  as  8.195  900  -  10. 

f.    Finding  a  Logarithm,    /»iy  standard  table  of  logarithniS  is 
used  ' n  basically  the  same  manner.   We  shall  discuss  here  the  tables 
found  in  TM  5-233.    These  are  "6  place  t^les".    Thus,  yy  inspection, 
y/e  can  see  that  this  permits  direct  readings  -of  4  place  njmbers. 
To  go  beyond  4  places  we  have  to  interpolate  for  Iiq  ac  ii  :ional 
places  required.    Interpolation  is  discussed  later  in  tnis  section. 

"'■f'ZMBER:    Logarithmic  Tallies  consist  of  MANTISSAS  only. 
The  characteristic  must  be  determined  in  each  instance  by  following 
the  rules  given  in  paragraph  2b  and  2c  of  this  section. 
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EXAMPLE  1:  FincTthe-togari thm  of  345.6 

1st  -  The  characteristic  is  3-1,  or  2. 

2nd  -  Find  the   mantissa  of  3456.    Note  that  we  will 
look  up  the  given  succession  of  digits, 
regardless  of  the  location  of  the  decimal 
point.  ' 

3rd  -  Open  log  tables  to  the  place  where  under 
the  N  column  you  find  345  and  then  follow 
horizontally  along  this  line  until  you 
read  the  coluiwi  headed  -6- 

4th-  Record  the  logarithm  as  follows: 

characteristic  =  2.   mantissa  =  .538574. 

Thus,  the  logarithm  of  345.6  is  2.538574. 


*   EXAMPLE  2:  Find  the  logarithm  of  0.02345 

1st  -  Determine  the  characteristic  of  0.02345 
It  is  -2,  or  8.   10. 

2nd  -  Look  down  the  N  column  for  234,  Move 
finger  horizontally  across  the  page  to 
the  5  column. 


3rd  -  Log  0.02345  =  8.370143-10 

EXAMPLE  3:  Find  the  logarithm  of  34567 

Is'  -  The  characteristic  is    5-1.  or  4_. 

2nd  -  We  lock  for  the  iranti  isa  of  34567 
and  find  that  this  taole  lets  us  look  up 
only  3456  and  we  get  53  8574;  the  "7"  we 
!  have  to  interpolate.    Interpolation  will 

be^covered  in  para  3. 

In  a  similar  way  we  find  /the  log  for  L.023456,  finding  out 
that  the  direct  reading  will  stop  at  2345,  leaving  the  "6" 
to  be  interpolated. 

3.    LOGARITHMIC  INTERPOLATION. 

a.    As  we  discovered  previously,  TM  5-233  permits  direct  extraction 

of  logaritnms  for  nuinbers  which  do  not  exceed  four  significant  digits. 

^■1 
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If  the  logarithm  has  more  than  4  places,  we  must  find  the  proportional 
part  of  the  difference  between  the  twv  logarithms  and  add  this  difference 
to  the  ]ower  one.    This  operation  is  called  interpolation. 

b.  In  TH  5-233  lists  of  proportional  parts  have  been  supplied  and 
shouTcTbe  used.    If,  however,  no  such  tables  are  furnished,  think  of 
interpolation  along  these  lines:    supposing  we  want  to  find  the  logaritrtn 
of  34567  and  our  table  allows  us  to  read  only  to  3456.    We  must  now  inter- 
polate for  the  1  i.e.  we  must  find  the  value  in  logarithms  which  corre- 
sponds with  this  7^.    Let  us  now  consider  the  distance  from  3456  to  3457 
divided  into  10  equal  parts  and  find  the  value  in  logarithms  for  these 

10  parts,  which  in  this  cas^,  is  125.    So  each  1/10  is  equal  to  12.5  and 
7  X  12.5  =  87.5  «  88.    We  now  add  this  88  to  the  log  of  3456  resulting 
in  the  log  for  34  i67. 

c.  In  order  to  facilitate  interpolation,  each  page  of  logarithms  has 
listed  on  it,  or  the  next  page,  a  list  of  proportional  parts.    We  then 
operate  as  fol lows: 


10 


34560. 

61 
62 
63 
64 
65 
66 
67 
68 
69 

3457CL 


.533574 


12 

.5 

)t 

.„$, 

12 

,5 

12. 

.5 

12. 

.5 

.5 

1?. 

5 

12. 

5 

12. 

5 

ITT' 

7  X 
TO      12"?   X  -  87.5 


125 


Log  34567  = 


538574 
+  88 
535S55" 


.538699 


( 1 )  Look  up  log  to  as  many  places  as  the  table  permits. 

(2)  Determine  the  difference  between  the  two  successive  logs. 

(3)  Enter  the  Proportional  Parts  Table  under  the  column  headed 
by  your  d1fferer.ce. 

(4)  Read  the  proportional  part  to  be  added  to  your  logarithm 
along  the  line  of  the  number  you  are  working  with. 

(5)  Read  and  record  the  proportional  part  (rounded  properly). 

(6)  Add  this  proportional  part  to  the  logarithm  (lower  one). 

(7)  The  sum  of  the  two  is  the  logarithm  you  seek. 

d.  Should  an  additional  number  be  needed,  let's  say  we  are  looking 
for  the  logarithm  of  345678,  we  know,  that  we  car  originally  only  go  to 
3456  —  we  still  have  the  remaining  J8  to  interpolate. 
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e.  In  b.  above,  we  divided  the  difference  between  the  two 
successive  logarithms  into  10  equal  parts  —  now  let  us  divide  the 
difference  into  100  parts  (divide  each  1/10  into  10  parts). 

f.  Again,  let  us  look  up  our  sequence  of  numbers  as  far  as  we 
can  go  directly,  that  is:   we  look  up  the  logarltfen  of  3456  and  find 
538574.  The  log  for  3457  is  538699,  giving  us  a  difference  of  125  for 
interpolation.    The  log  we  seek  lies  78/100  J?eyond  the  log  of  3456, 
that  means  we  natst  add  78/100  of  the  difference  to  this  log: 

78/100  of  125  «  78  x  125  »  1.25  x  78  =  9/.50  or  98. 

"TOS 

This  interpolation  can  also  be  affected  by  using  the  tables  of  propor- 
tional parts  as  follows: 

(1 )  Enter  proportional  parts  table  for  125. 

(2)  Write  down  the  proportional  parts  for  7  =  87.5. 

(3)  Then  write  the  proportional  part  for  8  =  100.0. 

(4)  Add  these  two,  considering  the  8  as  8/10,  as  follows: 

87.5 

ip.o 

97TS'  =  98 

(5)  Next  add  98  to  the  log  of  3456  and  we  get 

538  574 
98 

log  345678  =  '^ETI 

4.     FINDING  THE  ANTILOGARITHM. 

a.  Up  to  now  we  have  discussed  the  steps  to  be  followed  when 
finding  the  logarithm  of  a  given  number.    Now  we,  natural ly,  arrive 
at  the  point  where  we  are  given  the  logarithm  and  are  looking  for 
the  number  represented  by  this  log.    We  call  this  process:  Finding 
the  Anti logarithm.    The  steps  to  fallow  are  the  reverse  process  of 
what  we  did  when  we  looked  up  the  logarithm. 

b.  Let  us  discuss  first  the  placement  of  the  decimal  poinf  in 
our  number.    If  you  recall  from  the  first  part  uf  this  lesson  we 
stated  that  the  characteristic  of  a  log  is  one  less  than  the  number 
of  digits  to  the  left  -^f  the  decimal  point.    In  finding  the  antilog, 


30 


we  locate  the  decimal  point  one  more  place  than  the  characteristic 
Indicates,  on  the  number  we  find.   If  the  characteristic  is  NEGATIVE  we 
place  our  decimal  point,  and  then  count  to  the  right  the  number  of  spaces 
in  our  negative  characteristic,  filling  in  zeros  until  we  come  to  our 
first  significant  number.   For  example  the  antilog  of  7.768  638-10  is 
found  as  follows:   First,  we  look  up  the  nutaber  represented  by  a  mantissa 
of  768  638  and  find  it  to  be  ^70.   Next  we  determine  the  location  of  our 
decimal  point  (7  -  10  •  -3).   So  we  put  down  our  decimal  point  and  then 
count  three  places  to  the  right  where  the  number  begins.  (.005870.) 

c.    Interpolation,  when  working  on  antilogs,  is  performed  in  the 
Inverse  from  interpolation  for  logarithms.   Let  us  say  we  are  looking 
for  the  antilog  of  2.390  061. 

(1)  First,  we  look  in  Table  B-1  TM  5-233  for  390061  and  find 
390  051  and  390  228.  We  note  that  the  first  log  is  too  small,  the  second 
is  too  large.   This  tells  us  that  our  ntfiober  is  greater  than  2455  but 
less  than  2456. 

(2)  We  put  down  the  number  which  goes  with  the  log  of  the 
smaller:   2455.   Next  find  the  difference  in  logs  between  the  log  of 
2455  and  2456,  this  »  177.    Next  we  find  how  many  log  units  there  are 
between  the  log  of  2455  (390  051)  and  our  log  (390061)  this  Is 

390  061  -  390  051  «  10. 

(3)  We  now  go  to  the  proportional  parts  table  and  look  under 
177  for  10.  The  closest  we  can  find  to  this  nimber  is  17.7  and  above 
this  we  find  the  number  1.  This  number  we  append  to  the  number  which 
corresponds  to  the  lower  log  (2455)  and  get  24551. 

(4)  Last  we  place  our  decimal  point.    Our  chocacteristii:  Is 
2,  so  we  point  off  2  +  1  or  3  places  front  left  to  right  and  we  gat  an 
antilog  of  2.390Q61  *  245.51. 

5.    ARITHMETIC  COMPUTATIONS  BY  LOGARITHMS. 

a.    In  Algebra  we  learned  that  when  multiplying  factors  (with 
the  same  base)  we  ADD  their  exponents.    When  dividing  we  SUBTRACT, 
when  raising  to  a  certain  power,  we  MULTIPLY;  and  when  extracting 
a  root,  we  DIVIDE  by  the  index  of  the  root. 

REMEMBER:    MULTIPLY  -  ADD 

DIVIDE  -  SUBTRACT 
RAISE  -  MULTIPLY 
EXTRACT  ROOT  -  DIVIDE 
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The  above  are  the  ONLY  operations  which  can  be  perfonned     use  of 
logs.   Since  the  logarithms  we  use  are  all  to  the  *>ase  10  we  can  add," 
subtract,  rrxfltiply,  or  divide  logarithms  to  effect  the  desired  operaticm. 

b.  At  this  point  we  should  discuss  the  use  of  COLOOARITHMS  (COIOS). 
The  same  result  can  be  obtained  by  adding  a  colog  as  by  subtracting  a 
logarithm. 

c.  The  principle  of  adding  the  cologs  is  based  on  the  following 
fact:   a  X  b  K  c  is  the  same  as  a  x  b  x  c  x  1/d  x  1/e. 


d.  We  can  see  that  in  the  latter  operation  we  have  only  multipli- 
cation, no  divisions.    If  we  used  the  first  forw,  we  would  add  the 
logs  of  a.  b,  and  c.   We  would  then  subtract  the  sum  of  the  Togs  of 

d  and  e  f rom  the  sum  of  the  logs  of  a,  b,  and  c  to  get  our  result. 
Now  to  the  1/d  and  1/e.   We  know  the  log  of  ''l*  is  0.   So  w^  must 
subtract  the  log  of  "X"  from  0  to  get  the  Colog.   Supposing  "X"  was 
equal  to  126.   Th8  log  of  126  »  2.100  371.   We  cannot  subtract  2.100  371 
from  "0".   But  if  we  subtitute  10  -  10  (which  is  equal  to  "0")  then 
we  have 

10,000  000  -  10 
■2.100  371 
7.m  S2d  -  10 

e.  If  we  look  at  the  above  subtraction  we  see  that  as  soon  as 
we  subtract  the  first  Integer,  the  remaining  "O's"  all  become  "9's". 
This  always  being  true,  let  us  write  down  a  log  as  a  colog:  we 
merely  subtract  (frOTi  left  to  right)  each  number  from,  "9"  except 
the  last  significant  one  which  we  subtract  from  "10".    Now,  our 
original  problem  !jf  a  x  b  x  c  will  set  up  as:   a  x  b  x  c  1/d  x  1/e. 

d  X  e 

f.  It  is  highly  recommended  that  computations  be  set  up  according 
to  the  following  sample: 

(1)    Find  the  value  of  a  x  b  x  c 

d  X  e 

log  a  - 

log  b  = 

log  c  = 
colog  d  « 
colog  e 
log  answer 
answer 
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Problems. 

(1)    Find  the  following:  ^ 

(a)  log  246.13  - 

b)  log  3765,47  ^ 

(c)  log  0.24^ 

'  (d)  log  0.002468 

(e)  log  3.4567 

{f)  logv!i27Pf  ' 

g)  log  24680.1 

n)  1-og  39.7842 

(j)  log  34.1234  % 

(k)  anitlog  1.678  124  '  ^ 

(1)  antllog  U246  398 

(m)  antilog  0.194  687 

(n)  antilog  8.261  918-10 

(o)  antllog  4.000  000 

(p)  antllog  5.794  318 

(q)  antllog  2.876  543 

(r)  antllog  7.234  127-10 

(s)  antllog  4.578  394  I 

i  f^l  "antilog  ?.578  394 

{u)i  «ol|»g  127.42 
{v)7co>og  287.39 

)  \colog  7249.00 

)  colog  2748.62 


,  (2)    Find  the  values  of  the  following,  using  logs 

/  (a)  ,2764.3  x  1.724 

/  (b)  39.876  X  0.2481 

(c)  0.0139  X  27.618  x  2.4689 

;  (d)  127  x  246  X  6.39 

(e)  246  X  0.54321  x  27 

(f)  129.34 

(g)  246.39 

i  127.34 

\  (h)  795.36 

468.33 

\         •  \  (i)  127.394 

\  (i)  127.394 
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(k)    394.6  X  13.942  x  127.69  x  15 
150.69  X  6S.456  x  15.32  " 

(1)    271  X  354  X  123 
132  X  17?  ■ 


^•")         X  227  X  32 
V     15i?  X  12 — 

(n)    3 J2274J  X  ISOI 


V  


(o)    /I^  X  12/2  X  5b3- 
75-^  X  144^ 
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TRIGONOMETRY 

1 .    NATURAL  FUNCTIONS  OF  ANaES. 

a.  Before  discussing  tr1gon(»ietr1c  solutions,  me  imist  be 
familiar  Mith  the  use  of  "NATURAL  FUNCTIONS"  of  various  angles. 

(1)  Natural  Functions  are  mathematical  values  of  the  various 
ratios  each  of  which  represent  a  particular  angle. 

(2)  A  knowledge  of  the  various  ratios  and  the  use  of  Natural 
Functions  allow  us  to  solve  many  surv^  prob.leros  to  Include  heights, 
distances,  directions  and  positions. 

b.  TM-5-233  contains  tables  of  natural  functions  (sin,  cos,  tan 
and  cot)  from  CP  to  9(P  and  this  section  Is  geared  to  the  use  of  these 
tables. 

c.  We  have  previously  learned  the  definitions  for  these  functions 
and  should  you  not  be  familiar  with  them  It  Is  suggested  that  you  refresh 
yourselves  at  this  time.    (See  page  41.) 

d.  Now  let  us  take  our  tables  of  Natural  Functions,  Table  B-3.  TM-S 
233.  page  215: 

(1)  We  find,  on  top  of  the  page,  the  nt^nber  of  degrees  and 
eight  columns,  labeled  Sin. .  d."  (for  i1ffer«nce);  Tan.,  d.".  Cot., 
d.",  Cos.  and  d.". 

(2)  On  the  left  hand  side  of  the  tables  we  have  a  column 
for  each  minute  which  is  read  OOVfN  the  page. 

{3}   The  angle  entries  increase  to  45°  across  the  top  of  the 
pages.   After  45°  we  read  the  angles  on  the  BOTTOM  of  the  page  and  use 
the  Sin.  Tan.  CCw  and 'Cos  columns  on  the  bottom  of  the  page.   Also,  the 
minute  column  on  the  RIGHT  side  of  the  page  is  read  UP. 

(4)   To  get  the  natural  sine  of  7^  24*  34"  we  proceed  as  follows: 

(a)  At  the  top  of  the  page  look  for  7^  (page  222). 

(b)  At  the  left  hand  minute  column  go  DOWN  to  24' 
where  we  find  0.128  796. 
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(c)  Going  to  the  difference  column  we  find  4.80 
between  24 '^nd  25*.   This  4.80  Is  the  difference  per  second, 

(d)  Since  we  have  34"  we  multiply  34  by  4.80,  getting 
163.2  -  or  163. 

(e)  -Add  163  to  the  natural  sine  of  7**  24*  (.128  796  + 
163  •  .128  959). 

« 

(5)  Upon  further  examination  of  our  natural  function  tables 
we  find  that  the  functions  of  sin  and  tan  INCREASE  as  tl«  angle  In- 
creases. The  functions  of  cos  and  cot  DECREASE  9s  the  angle  Increases. 
So  If  we  were  looking  for  the  natural  cos  of  7**  24'  34"  we  would 
proceed  as  follows: 

.  (a) .  At  the  top  of  the  page  look  for  7®  . 

^  (b)   Go  down  the  left  hancJ  minute  ojlunn  to  24*  where  we 

find  .991671  (under  the  Cos  column). 

(c)  In  the  di  fference  column  (between  24'  and  25')  we 
find  .62  (difference  per  second). 

(d)  We  also  see  that  the  natural  cos  of  7**  25'  Is  less 
than  that  for  7*»  24'. 

(e)  Our  natural  function  Is  then  less  than  .991671  by 
.62  X  34  -  21.08  or  21. 

"   (f)   The  natural  cos  of  7**  24'  34"  Is  then  .991671  -  21 
or  .991650. 

Just  remember  this  rule  of  thumb:    In  direct  functions.  I.e.  sin 
and  tan  we  ADD  the  proportional  part  and  In  the  CO-FUNCTIONS  we 
SUBTRACT. 

(6)  At  this  point  we  must  discuss,  very  briefly,  the  sign 
of  the  various  functions  in  the  four  quadrants  which  we  originate  on 

the  horizon  and  revolve  counterclockwise.    Refer  to  the  followinq  sketch. 


1 

/CSC* 
/COS,  SEC, 

/TAN,  t 

/cot-  J  J 

Alt  +  \ 

^  Ix 

^TAN  ^COT  ♦ 
\SIN,a>$, 

COS^SEC^r 
SIN.  CSC,  / 

COT—  / 

IV/ 

e.    If  an  angle  is  greater  than  90*^  you  may  determine  its 
function  by  one.  of  the  two  methods  below: 

(1)    Subtract  the  given  angle  from  180°  and  use  the  same 
function. 

3^2  ^ 


(2)  Subtract  90^  from  the  given  angle  and  use  the  co» 
function,   (Use  the  sketch  on  preceding  page  to  determine  the  sign 
of  the  function) 

f.   Problems.   Find  the  value  of  the  function  tirith  the  proper  sign; 

(I) 
(2) 

(3)  tan  37«  21*  l 
;4j   cot  37»  21*  H  >v 
5)   sin  44?  30  *  26-  *"  ^ 

[6! 

(9 

(10) 
(U) 
(12) 
13 
14 
15) 
(16) 
(17 
(18 
(19 
(20) 

2.    LOGARITHMS  OF  FUNCTIONS  OF  ANGLES.  (Ref:    Para  98-100,  CRM  Text) 


sin  37** 

21* 

cos  37® 

ZV 

tan  37® 

21* 

cot  37" 

ZV 

sin  44? 

30* 

26- 

cos  22® 

28* 

54" 

tan  IP 

27* 

38* 

cot  27** 

18* 

sr 

sin  49* 

27* 

38" 

cos  54** 

29" 

54" 

tan  75** 

25* 

25" 

cot  87** 

57* 

32" 

sin  63* 

54' 

23" 

cos  61** 

59* 

59" 

tan  51** 

?0' 

27" 

cot  72*» 

27* 

38" 

sin  112**  27' 

54 

cos 

34* 

32 

tan  145**  21' 

21 

cot  160**  27' 

27 

a.  Logarithms  of  Trigonometric  functions  are,  in  fact,  nothing 
more  than  the  logarithms  of  the  natural  functions  of  the  various 
angles.   For  instance,  let  us  look  up  the  sine  of  30"  (natural 
function)  and  we  find  0,500000.    If  we  now  'ook  up  the  logarithm  of 
0.500000  Table  B-1,  we  find  9.698970-10.   Nitxt,  let  us  go  to  our 
logarithmic  tables  of  functions  of  angles.  Table  B-2,.and  look  up 
the  log  sine  30°  and  there  we  find  9.698970-10. 

b.  The  practical  use  of  the  tables  is  the  same  as  for  natural 
functions,  i.e.  angles  from  0**  to  45®  are  entered  with  the  angle 
as  well  as  the  function  columns  listed  on  top  of  the  page  and  the 
minutes  and  seconds  entries  are  read  DOWN  along  the  left  hand  edge 
of  the  tables.    From  45®  to  9C*^  we  enter  along  the  bottom  of  the 
page  and  UP  on  the  right  hand  side, 

c.  TM  5-233  Table  B-2  shows  entries  for  every  1  minute  of  angle 
with  the  difference  for  1  second  entered  in  the  D.l"{ difference  per 

second)  ccl'."nns. 
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d.   Let  us  suppose  that  we  afe  looking  for  the  logarlthni  of  the  sine 
of  25°  45*  28".   We  would  proceed  as  follows: 

(1)  Along  the  top  of  the  page  (195)  we  look  for  25°  ancJ  down  the 
left  side  for  45'  and  we  find  9.637935  (log  sine  25®  45').    (-10  is  omitted) 

(2)  Looking  in  the  D.l"  column  we  see  the  difference  per  second 
between  45*  and  46'  is  4.37  units.   We  now  mullfciply  28  Seconds  x  4.37 
units  of  difference  per  second  which  »  122. 36 /units  ■122. 

(3)  Our  desired  logarithm  is  122  units  above  the  entry  for 
25°  45'.   We  add  the  value, for  25°  45'  to  the  value  for  28". 


%        ■      (4)   The  cosine  of  the  same  angle  would  be  found  iii?the  same 
manner,  i.e.,  log  cos  25°  45'  »  9,954579-10  and  for  25°  45/28"  the  log 
would  be:    28"  x  1.02  (D.l")  «  28.56  «  29;    9.954579-10  \ 

029 

$-"5S4S"50-10  , 

e.  In  finding  anti logarithms  of  logs  of  functions  we  proceed  as 
follows: 

■  (1 )    Let  us  look  for  the  anti logarithm  for  log  sin  *  9.698433-10. 

(2)  In  the  log  section  of  our  tdu'os,  under  the  sine  column  we 
look  for  9.698433  (or  the  log  numerically  immediately  below.) 

(3)  We  find  9.698313  which  goes  with  an  angle  of  29°  57' . 

(4)  Note  the  col umn  D.l"  value  for  57'  to  58' ;  it  is  3.65  units 
per  second. 

(5)  The  difference  between  our  log  (9.698433)  and  the  lo!  for 
29°  57'  is  (9.698433  -  9.968313)  =  120. 

(6)  pi vide  the  units  of  difference  between  the  logs  by  the  units 
per  second:    120*  3.65  »  32.88  =  33  seconds . 

(7)  Hence.*  the  antilog  of  log  sine  9.598433-10  is 
29°  57'    +  33"  =  29°  57'  33". 

f.  If  we  are  looking  for  the  antilog  of  cotangent  9.632  909-10, 


25°  45* 


9.637935-10 

+  T22_ 

d.6^d057-10 


s 
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we  proceed  as  follows: 

■  4 

(1)  Under  the  cotangent  column  we  look  for  1.632901. 

(2)  The. number  incn^lately  abQve  this  logarithm*  numerfcally,  is 
9.633099  (resiember  -  cot  decreases  as  the  angle  Increases)  which  corre- 
sponds to  an  angle  of  66°  45'. 

(3)  Note  the  column  0.1"  value  for  45'  to  46'.    It  Is  5.82. 

(4^)   The  diffefenca  between  our  log  and  the  log  of  66**  45'  is: 

J  .633099  . 

C  '.632901 

.  —m 

(5)  Divide  the  units  of  difference  between  the  logs  by  the  units 
per  second:    198  *  5.82  \34"  I  ' 

(6)  Mence.  the  antilog  for  cot  9.632901-10  is  660145'  +  34"  » 
66°  45'    34 "J  \ 

g.    Proolems.    Find  the  logarithms  of  the  following: 

sin  27°  27'  27"  ^ 
cos  38°  15'  19"  C 
tan  42°  42'  21"  ^ 
cot  15°  14'  13"  , 
sin  67°  22'  38". 
cos  75°  58'  48" 
tan  84°  17'  20" 
cot  53°  27'  45" 
stn  127°  54'  24" 

cos  154°  30'  32"  I 
tan  1V5°  37'  28" 
cot  131°.54'  12" 
sin  27°  54'  14" 

(14)  cos  111°  ir  11" 

(15)  Un  117°  27'  12" 

(16)  cot  47°  42'  41"  ^ 

(17)  sin  54°  24'  51" 

(18)  cos  171°  00'  21" 

(19)  tan  123°  51'  00" 

(20)  cot  110°  50'  37" 

3-    THE  RIGHT  TRIANGLE  (Ref:    CRM,  Sec  XXII  para  101  to  Sec  XXIII  para  106) 
a.    Read  the  above  reference  which  discusses  the  arrangement  of  work. 
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triangle  formulas  and  furnishes  all  possible  formulas  for  solutions,  njhis 
extract  also  sets  up  each  formula  for  a  solution  using  logarithms. 

b.  Follow  the  given  solutions  carefully  and  you  shduld  not  experience 
any  difficulties  in  the  solutions  of  right  triangles. 

c.  Solution  of  Kic^ht  Triangles.    In  high  school  geometry  we  learned 
the  ratios  (  ^  "s  to  sides)  which  apply  to  right  tri^gles.   For  a  review 

'they  are  stated  here  once  more: 


A"  b  . 

Using  the  basic  relationships,  we  have: 

•    a  opposite  side  T 
*  hypotenuse 

aUiacent  side 
'  hypotenuse 

opposite  side 
adjacent  side 

~  adjacent  side 
"  opposate  side 


Also  a^  +  b^  »  c^ 
(Pythagorean  theorem) 


We  can  now  state,  r'cr  the  triangle  above,  that: 


sin  ^ =  I 


sin  B  =  r 


cos  A  =  ^ 


tan  A  =  ^ 


AND 


cos  B  = 
tan  B  ' 


\ 


cot  A  =  J 


cot  B  =  5- 


From  the  above  we  can,  depending  on  what  parts  of  the  triangle  are  given, 
.Aftlect  a  ratio  which  contains  two  of  the  given  parts  and  solve  for  the 
thir3\*       /  * 
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Our  fonmiUs  reduce  as  follows: 
f?  »      +      /.  c  ■  V?Tb^ 

a2  «      .  b2      ^  ,  /?  -  b^ 
If  sin  A  ■  I-        then  a  ■  c  sin  A         and  c  «  -4 


c  ,  •  sin  A 

cos  A  -  I  "     fa  .  c  cos  A     .      "     c  - 

tan  A- I  "    a-bt     4  -  ^  '  mT 

cot  A  «  I"  "     b  »  a  cot  A  "    a  -  cSfTT 

/^d  if 

b  b  

sin  B  ■  ^  then  b  »  c  sin  B        »  and  z  «  sTrTi" 

a  a 

cos  B«c  "     a-ccosB  "     c«  coT^ 

.  b  "  b 

tan  B  «  J  "     b  =  a  tan  B  "     a  -  la^-^ 

a  '  a 

cot  B  »  f  "    a  «  b  cot  B  "    b  »  coFS* 

\ 

Solutions,  using  logs,  should  generally  follow  this  format 

a  »  c  sin  A  -  c  ■  sfnT 

log  c  «  log  a  « 

log  sin  A  «    colog  sin  A  = 

log  a  »  log  c  a 

a  =  c  = 
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d.  Occasionally  we  are  required  to  solve  a  set  of  triangles,  the 
sketch  of  whi^h  looks  as  follows:  —  rT»-=  ^^ss^s^O 


/  (1)  We  may  be  given  the  angles  of -elevation  (a&e)  or  the  angles, 
of  depression  <o'  and  B")  and. we  kno»t,  of  course,  that  the  angles  ot  de-  . 
pression  are  equal  to  the  angles  of  elevation,  and  vice  versa. 

(2)   We  are  usually  fu'-^ished  the  twio  angles-sryJ  side  "a",  or  "x", 
and  are  looking  for  "x"  or  "a"  respectively.   Here  we  have^two  ri-ght 
triangles.  .  .. 


(a)  In  rt  A  BDC: 

(b)  In  rt  A  A0C: 


CQt^m  l_±J£.  ...  a    y  »  X  cot  3  ID 


cot  a  =  ^  .-.  y  ■  X  cot  a 


(2) 


By  substitution  in  (1)'&  (2)  above,  a  «  x  cot  0  -x  cota 

a  a  X  (cot  0  -cot  a ) 


and  X. 


cot  0  -  cot  a 


#) 


From  these  two  formulas: 

a  a  X  (cot  8  -  cotct ) 
and  X  « 


,  we  can  solve  for  a  or  x. 


cot  0  -  cot  a 
depending  on  the  given  parts. 


NOTE:    Remember  that  Logarithms  do  not  permit  us  to  perform  subtractions 
.-.  use  Natural  Functions. 

e.    Problems,    (lengths  of  sides  to  two  decimal  places) 


(1) 

In  right  triangle  ABC,  A 
B,  a,  and  b 

=  34° 

28' 

,  c 

=  18.75;  find 

(2) 

In  right  triangle  ABC,  A 

«  62° 

10' 

,  a 

=  78;  find  B,  b,  and  c 

(3) 

In  right  triangle  ABC,  A 

=  50° 

02' 

,  b 

=  88;  find  B,  a,  and  c 

(4) 

In  right  triangle  ABC,  c 

=  58.40, 

a  = 

47. ?5;  find  A,  B,  and b 

(5) 

In  right  tr-»' angle  ABC,  a 

=  40, 

b  - 

27; 

find  A,  8,  and  c 

98 
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(6)  Find  the  legs  of  a  right  triangle  if  ttm  Hypotenuse  Is  6, 
.   and  one  of  th«  unt^noMt  ang1«$  Is  twice  the  other. 

(7)  From  the  top  of  a  hilV  ttie  angles  of  depression  of  tiio 
success IvjB  milestones  on  a  straight  level  roed'-leadin^?  to 
the  hill,  are  observed  to  be  5°  and  IS**.   Find  the  height 

>of  the  hill.   (In  feet) 

* 

(8)  The  angle  of  elevation  to  the  top  (C)  of  an  Inaccessible 
hill  from  point  A  Is  129^  .   At  a  point  6.  219  feet  from  A 
and  on  a  line  AB  perpendicular  to  AC,  the  angle  ABC  ts 

45*.   Find  the  height  of  the  htll.  .(Short .base  aethod) 

;4i   THE  OBLIQUE  TRIAWGL^   (Ref:   CRN.  Section  XXIV^  para  107-110) 

a.  As  In  the  previous  section  on  the  Right  Trf ingle,  read  the* above 
reference  which  discusses  %he  relationship  between  the  sides  of  a  triangle 
and  the  sines  of  their  opposite  angles.   Othej.  trigonometric  laws  which  are 
conveniently  used  under  certafn  conditions  afe.  also  explained. 

b.  Become  familiar  with  the  application  for  the  verious  laws.   Fol low 
the  given  solutions  carefully  and  you  should  not  experience  any  difficulty- 
In  the  solutions  of  oblique  triangles.  ^ 

c.  Solution  of  Triangle^  using  tite  Law  of  Sines.   When  faced  witti  the 
requirement  to  solve  a  given  triangle,  the  first  law  you  think  of  Is  the 
Law  of  Sines.   Draw  yourself  a  sketch  and  If',  by  Inspection,  you  then 
determine  that,  of  the  parts  given,  o.ie  of  them  Is  a  side  opposite  a  given 
angle,  the  Law  of  Sines  may  be  employed.    (Remember  you  need  to  know  the 
side  opposite  a  given  angle.)  '  y 

c    -  L 


Your  formula  for  the  Law  of  Sines  is  as  follows: 


a 


sin  A      sin  3  "  sin  C 
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Two  of  the  three  ratios  are  used  to  solve  a  particular  problem  making  sure 
that  the  pair  selected  contains  three  known  values  and  one  unknown. 


So  we  have: 


sin  A 

sin  B 

a 

C  ' 

sin  A 

sin  C 

b 

sin  C 

sin  B 

L  <.  •       b  sin  A 
froffl  which     a  *  -g|^  |^ 

K  ^  a  sin  B 

from  which    a  =  ^gf-^ 

,  «  a  sin  C 
^      sin  A 

r 

from  which     b  * 


sin 


sin  6 


The  format  for  setting  up  your  solutions  using  logarithms  is  as  follows: 

log  b  ^  log  a  « 

log  sin  A  «  log  sin  B  •  ^ 

colog  sin  B  =*   colog  sin  A  »   

log  a  =  log  fa 


a 


b 


or 

log  c  =  log  a  * 

log  sin  A  =  ^  leg  sin  C  » 

colog  sin  C  *    colog  sin  A  = 

log  a  =  log  c  » 
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log  c  « 
log  sin  B  » 
C0I09  sin  C 
log  b  - 


d.  Problems  using  Oblique  Triangles. 


log  b  * 
log  sin  C  " 
colog  sin,  B  « 
log  c  » 

c  = 


0 


To  solve  for  x,  when  a,  g,  and  a  are  given: 


f  ( 


(1 )   By  natural  functions: 

In  triangle  A8D  solve  for  Ap  using  Uw  of  Sines 
.  (a)    MOA  »  ^ci'-)6'  «  ^6 


Then-        ^     »  AD 


a  sing 
sins  • 


(cj    In  A  ADC:    sin  a  *  or  x   ■     AD  sin  a 


(d) 


Consequently:    X  » 


a  sing  sing 
sinS 


(2)  A  logarithmic  solution  from  (d)  above,  would  look  like  this: 
^  log  a  « 

log  sin  g  » 

log  sin  a  ** 

colog  sin  6=  

log  X  « 


• 


e:    Solution  of  Triangles  using  the  Law  of  Tangents,    The  taw  of 
Tangents  Is  used  to  solve  triangles  when  two  sides  and  the  angle  between 
then  are  given.   It  is  most  conveniently  used  when  solving  this  type  of 
problem  by  the  use  of  logarithms.    If  natural  functions  are  to  be  used. 
It  is  suggested  that  the  law  of  Cosines  Csee  page  49)  be  adopted. 
Givsn:   a,  ^,  &  C 


The  basic  fonnula  in  the  law  of  Tangents  is: 

tan  1/2  (A  -  B)  «  (a-b)  tan  yZ  (A  4- 

The  formula,  as  stated  above,  will  solve  for  ^  A.&  )  B,  providing  side 
a  is  greater  than  side  b.    If  side  b  is  greater  than  side- a,  the  formula 
changps  to:  ■  ■ 


^tan  1/2  (B  -  A)  =  ib-a)  tan  V2      ^  A) 


b  +  a 

If  comAinations  of  any  ether  two  sides "a-re  given,  the  formula  changes 
accordingly.    A  mcf5<anical  method  for  determininy  which  form  the  formula 
will  have      ^$  fallows: 

(1)  Determine  which  of  the  two  given  sides  is  the  larger  and 
record* this  side  first  on  the  format  listed  below. 

! 

^(2)  Record  the  smaller  side  next. 

\{3)  Arrange  format  to  follow  the  sequence  established  by  1  and 

\^  Z  above. 

(4)  Enter  logs  and  solve. 
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Given  a*  b>  &  C 

*  a>b-  '  .  ■  . 

« 

a  *  log  (a  -  b)» 

.  •  ,-«^ 

b  »  .  log  tan.  1/2.  (A  +  B) 

"    a  +  b  coloti  (a  ^  b)  « 


a  -  b  '  log  tan  1/2  (A  -  B)  • 

A  +  B  »  180**  -  C  -      .  1/2  (A  -  B)  - 

1/2  (A  +  B)  •  *  5  * 

1/2  (A  -  B)  »  


(Add)  A  «  ^  . 

(Subtr)  B  « 

With  angles  A  and  B  now  known,  we  can  now. compute  for  side  c,  using 

the  Law  of  Sines.  Since  both  A  and  3  are  known,  we  should  compute 

for  side  c  in  two  ways,  giving  us  a  check  of  our  computations. 

Our  fcmulas  are: 


sTfTC  «   sin  A  hence :  c  «  a  sin  C 

y  sin  A 

Also: 
c  b 

sin  t   «  sin  B  hence:  c  »  b  sin-^C 

sin  B 

Which  we  set  up  as  follows: 

log  a  ^  .  log  b  « 

log  sin  C  «  log  sin  C  » 

colog  sin  A  «   colog  sin  8 

log   c  »  /  log  c  - 

c  =  c*  ■    '  ' 
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f.   Solution  of  Triangles,  using  Tangent  of  1/2  Angle  Formulas, 
When  three  s1<les  of  a  triangle  are  given.  j*e  nay  use  the  foraulas 
for  the  tangents  of  1/2  the  angles  to  solve  the  triangle. 

•   ^    .  C 

1 


The  three  forwulas  are: 


Un  1/2  A  «  v^CS'b)  (s^c) 

s -ts-a) 


tan  1/2  B  «  y/js-a)  [s-c) 


tan  1/2  C  »  v/TFaT  (s-b] 

s  (s-c)  I. 

Where  s  «  1/2  the  sum  of  the  given  sides  (s«  a b  c) 

Z 

The*  foil  owing  format  is  suggested  for  setting  up  the  solutions 


a  « 
b  « 
c  * 

2s  = 
s.  = 

s-a 

s-b  « 

s-c 


log  (s-b)  ■ 
log  (s-c)  « 
colog  s  * 
colog  (s-a)  « 

2r 

log  tan  1/2  A  • 

i/2  A  = 
A  = 


log  (s-a)» 
log  (s-c)« 
colog  s  ■ 
colog  (s-b)  * 

z)  

leg  tan  1/2  B 
1/2  B  « 
B  « 


log  (s-a)  - 
log  (s-b)  ■ 
colog  s  « 
colog  (s-c)» 


log  tan  1/2  C 
1/2  C  « 
C  ■ 


The  above  formulas  may  also  be  solved  by  using  natural  functions. 


If  you  follow -the  above  format,  writing  It  do before  entering  the  values, 
you  will  not  easily  overlook  the  fact  that  the^  -  requires 

division  by  2,  and  also  that  you  have  solved  for  1/2  the  angle  and 
must  multiply  this  by  2  for  the  value  .of  the  required  arigle. 


48 


?04 


<I4 


g.   Solution  of  Triangles  using  the  law  of  Cosines.   The  Un  of 
Cosines  is  used  to  solve  triangles  when  three  sides  or  tuo  sides  and  the 

included  angle  are  given. 

(1)  When  two  sides'  and  the  included  angle  are^lven  the  follow- 
ing procedures  are  used: 

Given:   c.  b,  &  A 


A    '  c  B 


The  basic  formula  in  the  Law  of  Cosines  is: 
q2  .  (jE  +       -  ?bc  Cosine  A 

The  fonmiia.  as  stated  above,  will  solve  for  a^,  with  'a'  being  the* 
square  root  thereof.   Particular  attention  should  be  given  to  the  last 
element  of  the  fonmjla.   As  noted  on  page  36.  the  sign  of  the  Cosine  of 
an  angle  in  the  second  quadrant  (90°  -  180°)  is  minus.   Therefoce,  the 
result  of  the  multiplication  of  -2bc  Cosine  A  would  algebraically  become 
a  positive  value  and  be  added  to  the  first  two  terms. 

The  original  formula  can  also  be  rearranged  to  obtain  b.  and  c  if  you 
•are  given  a,  b  &  C  or  a.  c  &  B.   So  we-  have:  ^ 

b2  »  a2  +   c2  -  2ac  Cosine  B     *  ^nd- 

c2  «       +  b2  -  2ab  Cosine  C  r* 

With  one  angle,  and  all  three  sides  known,  we  can  now  solve  for  the 
other  two  angles  using  the  law  of  Sines: 

a         b  u  a       b  Sin  A 
Al  so : 

a          c  .  e..  r  -   C  Sin  A 

sWJ'TfFT  hence;  Sm^C  -  — 


y 


1% 


(2)  When  three  sides  of  a  triangle  are  given,  we  may  also  use 
the  fonmilas  .for  the  Law  of  Cosines  to  solve  the  triangle.  However, 
since  we  must  solve  for  the  unknown  angles,  we  must  transpose  the  basic 
fomwla  to  Isolate  the  Cosine  on  the  left  side  of  the  equation. 


The  three  fonnulas  becofne: 


Cos  A 


Cos  B 


Cos  C  * 


+  - 

a^ 

2  be 

a2 

+  - 

jj2 

2.ac 

■f-  b2  - 

2  ab 

s 


With  one  angle  known  and  the  three  sides  which  were  given,  you  can  now 
solve  the  remainder  of  the  triangle  usImc^  the  Law  of  Sines.   An  alternate 
solution  would  be  to  repeat  the  use  of  .he  Law  of  Cosines  for  the  other 
two  angles.   To  solve  for  only  two  angljs  and  conclude  the  third' is  not 
gopd  practice.   All  three  angles  shoul w  be  computed  independently  and 
added  to  ensure  a  180°  suninatlon. 


lOf; 
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Problems.  / 

(1)  Given:  a  *  804.  A  -  99**  55'  B  »  45^  01*  Find  C,  b.  c 

(2)  Glyen;  b  -.ggS,  A  «  37**  58*  C  «  65®  02'  Find  B.      c  . ' 

(3)  Given  a  •  4.4,  b  •  5.21.  A  -  57*>  37'  17"  Find  B,C,c 

(4)  Given:  a'  ^  ??.99,  b  -  83.39,  C  7^  15'  Find  A,  B,  c 

(5)  Given:    a  •  47.99,  b  -  33.14,  C  »  175*'  19'  10" 
Find  A,  B,  c        .  ',  i 

(6)  Given:   a  "^51,  b  «  65,  c  -  20  Find  the  angles 

f 

(7)  Given:   a  ■  43,  b  -  50,  c  •  57  Find  the  angles 

(8)  Oetertnf ne- the  distance  of  an  eneqy  gun  at  position  A  from 
your  position  at  B.   Given:  line  BC  is  322.55  yds,  angle 
m  is  60«  34*  ind  angle  BCA  is  56*  10'. 

(9)  In  order  to  find  the  distance  betw&en- 1>«  object? ,  A 
and  B»  separated  by  a  swamp,  a  station  C  was  chosen, 
and  the  distances  CA  •  3825  yds,.  C8  «  3475.6  yds  were 
measored.   Angle  AC8  was  measured  and  found  to  be  62 
31'.   FJnd  the  distance  between  A  and  B. 

(10)   Of  three  towns  A»'  B,  and  C,  A'  is  200  miles  from  B  and 
184  miles  from  C,  B  is  150  miles  due  north  from  C.  How 
far  is  A  nortn  of  C? 
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ANSWERS  TO  PftOBLEHS 


Page  1  -  a. 


b. 


c. 


Page  2  -  c. 


Page  ^-  b. 


t  « 


Page  4  -J*. 


(1):  8340 

'  (4J  215812 

(1)  23797 

(4)  3889 

*  (1)  Tit- 
CD  2  1/4 
(4)  3  13/64 
(7)  3  17/27 

(10  )  2  27/44  ^ 

(13)  1  1/8 

(16)  21/32 

(19)  288  15^ 

(22)  1/6  ^ 

(25)  110 

(28)  ys  ■ 

(1).  ^  . 

(a)  .375 

(b)  .3 

(c)  •.25 
•(d)-  .2 

(e)  .42857 

(f)  1.92308 

(g)  25.9375 

(h)  15.46667 

(i)  28 

(j)  127.66667 

/(al*  1  5/8 

(b)  1/2 

(c)  .  ,3  1/8 

(d)  127  1/3 

(e)  11  27/40 


(3), 

(a) 

;b) 

\c) 

(d) 

(e) 


525.3766 
338.9964 

3SO.S60 

4500.19667 

36910.4581 


(2) 
(5) 

'II 


2188  . 
-1:12491 

1809 
4778 


(5] 

.  (2)  82957 

(2)  .'2  1/16-  ^ 

(5)  2  59/64. 

(8)  2  15/16 

(11)  11  1/4 

(14)  12  1/8 

(17  5/192 

(20)  1344  51/112 

(23)  l  1/6 

(26)  '3/8 

(29)  33  3/4 


.625 

.03 

.5 

.4 

.22222 
2.875 
37.375 
28.1792 

212.2 
184.625 


3  3/4 

1/2 

1  339/500 
12  211/500 
14  321/1000 


(3)  '6954 


( 3)  1889 


2  i/32 
4  14/25 

2  9/68 
41  3/32 

3  139/210 
7/36 

3/4  - 
II  2/3  •  . 
10/27 
24  5/14 


.875 
.003 

.75. 
.6 

.90909 

13.48 

12,54375 

19.51542 

115.33333 


16  7/8 
2/3 

2  139/250 
f 89/100 
11  123/1000 


.9f 

:9375 
100.75' 


Answers  Continued. 


Page  4  -  b.  (4), 

^  (a)  1567.3841 


963.775 

(c)  1394.6662 

(d)  27.303 

(e)  161.845 


Page  5  -  c. 


1,347 

(b) 

.86956 

(1) 

(a) 

5184  . 

361 

(b) 

144 

81 

(c) 

225 

15625 

(d) 

2362369 

(e) 

54756 

(2) 

* 

(a) 

27 

216 

(b) 

8 

64 

(c) 

50653 

(d) 

180362125 

(e) 

2048383 

(3) 

(a) 

191 

(b) 

305 

(0 

731 

id) 

11.20 

(e) 

931.00 

Page  5  -  0  a.  (I) 

(a)  3.5 

(b)  3.0 

(c)  2.0  • 

(d)  1.059 

(e)  .875 


784  196 
289  256 
5625    .  2500 


6859  1728 
343  512 


(2)  A  -  $30.00   B  »  $70.00 

(3)  33/51 

(4)  7/2  18/7  50  feet        2  4/5 

10  feet       22  1/2 

(5)  1.25:100      or  1.25% 

53 

109 


vs«- — 


Answers  Continued  


Page  6  -  5  a. 


Page  10  - 


Page  15  -  i 


y 


6)  58.33 

7)  300  feet 

S)  112  1/7  feet 

9)  10  Days 

1) 

a)  20% 

b)  25% 

c)  . 33  1/3% 

d)  75% 
25% 
76.5% 
60.8% 
224% 


?! 


2) 
a) 
b 

c 

d) 


3) 


29.167% 
12.5% 
62.5% 
87.5% 


a)  1440  cu  yds 

b)  170  men 

c)  368  gals 

d)  27  men 

e)  342  cu  yds 

f)  5% 


I) 
a) 
b) 
c) 
d) 
e) 
f) 

g) 

h) 


15° 
86° 

201.2° 

-20° 

0° 

54.4° 

161.6° 

20° 


# 


2) 

a)  120  cm 

b)  1.5  m 

c)  2535000 


m 


3^ 


;4 


110 


54 


106 


Answers  Continued. 


Page  15-1. 


Page  16-1 


( 


(2) 

d)  .CIS  Km 

e)  120  Km 
(fi  13.67  yds 

(g)  342.9  cm 

(h)  4.101  ft 

(i)  3.772m' 
(j)  418,31  ft 
ik)  1.6387  L 

(1)  7627.97 
(m)  339.80  ^ 
(n)  6.4b2  cin^  \ 
(o)  104.7440  m3 

a.  (l)  2a^ 

(2)  8x2  -  X 

(3)  -3bx  +  5 

(4)  8x4  +  2x3  -1       '  . 

(5)  4x2  -  2  xy  +  9  xz-  2y2  +  Zz^  +  12  yz  -€y  -6z 

b.  (l)  6a-b+c     ^  ^ 

(2)  10a2  c-8a3  -b^ 

(3)  -2x^  +  2ax3  ^  4bx3  -  2bx2  -  3cx  -5d 

c.  (l)  a  -  ab  +  b2 
(2)  5a  -  b  -  c 


(a) 
(b) 

[§1 

(e) 


x2  +  16x  +  60 
x2  -  9 

at  +  9a 3  +  19a2 
x5  +  iSlx  -  264 
2x2  -  3x  -9 


-  25a  +  5 


Page  17-4 


(a) 
(b) 
(c) 
(d) 

(e) 

a.(l) 
(?) 
(3) 
(4) 

(5) 
(6) 
(7) 


X  +  2y  , 
3a  -  2a3 
a  +  3 

-a2  -3a  -  1 

x2  +  2xy  -  XZ  +  y2  -  yz  +  z2 


X 
X 
X 
X 
X 
X 
X 


4 

3 
3 

18 

5 

16 
5 


55 


10 


# 


Answers  Continued  

Page  17  -  4  b.  90 

c.  10  feet  and  90  feet 

d.  10 

e.  50  min 


f.    Present  age  of  father  is  60  yrs. 

Present*  age  of  son  Is  30  yrs.  . 


Page  23  -  4  a.    (1)  25.1657° 

(2)  21.2283*' 

(3)  68.0717® 

(4)  82.5819° 

(5)  82°  18'  54" 

(6)  98°  53'  13.2" 

(7)  162°' 25'  51.6" 

(8)  145°  33'  51.2" 


b.  (1)  720° 

(2)  360°  ^ 

(3)  540°^  m 

(4)  1800°  ^ 

c.  (1)  900° 

(2)  1080° 

(3)  1800° 

(4)  2160° 

(5)  1620° 

d.  (1)  113.1  cu.  ft.  . 
(2)  0.58905  cu.  ft. 
(3  422230.05  cu.  ft. 
(4)  512  cu.  ft. 

e.  (1)  K13  ft. 

(2)  558.5  gals. 

(3)  5733.33  cu.  yds. 

(4)  545.2  cu.  yds. 


1  ^  • 


ERIC 


^  / 

56  ^  ; 

f 

\ 

I 
f 


Answers  Continued   


Page  33  -  g.  (1) 


C 


(2) 


(b) 
ic} 

(e) 

if) 

(g) 

h) 

111 

(m) 
(n) 

(0) 

(P) 
(£?) 
(r) 
(s 

1.^ 

(v) 
(w) 
(x) 


2.391165 

3.575819 

8.140634-10 

7.392345-10 

0.536662 

2.553007 

4.392347 

3,199417 

0.718119 

1.533052 

4765.7 

.17636 

T.5656 

.018278 

10,000.00 

S22760 

752.56 

.0017145 

37,879. 

.00037879 

7.894762-10 

7.541528-10 

6.139722-10 

6.560^5-10 


(a)  4765.6 
b)  9.8932 

(c)  '  .94778 

(d)  199640 
3608.0 
1.8904 
1.9349 
1.6983 
3266.5 
35,387 
66.677 
7176.3 
21.069 
2.2134 
87.524 


(e) 
(f) 

(k) 
(1) 

n) 

0) 


loz 


U5 


Answer.  Continued  


Page  37 


f.  (1) 
(2) 
{3) 
(4| 
(5 
(6i 

•  (7) 
(8) 

(10) 

-  (11) 

(12) 
(13) 
(14) 
(15) 

(16) 
(17) 

*  (18) 
(19) 

(20) 


Page  39  -  g. 


Page  42  -  e. 


606682 
794944 
763176 
310314 
700999 
924002 
314542 
936289 
759959 
580727 
84556 
035639 
898077 
469476 
272639 
316056 
924113 
-0.523622 
-0.690992 
-2.817270 


(1) 

97663786-10 

(2) 

9. 

.895013-10 

(3) 

9, 

,965184-10 

(4) 

0. 

.564814. 

(5) 

9< 

.965229-10 

(6) 

9. 

.384283-10 

{7) 

0. 

.999961 

(8) 

9, 

,869803-10 

(9) 

9. 

.89? 084-1 

(10) 

9. 

.955520-10 

(11) 

"0. 

.319081 

(12) 

9. 

.952964-10 

(13) 

'9. 

.670236-10 

(14) 

9. 

.557992-10 

(15) 

0. 

.284387 

(16) 

9, 

.958835-10 

(17) 

9. 

.910221-10 

(18) 

9, 

,994627-10 

(19) 

0. 

.173468 

(20). 

9. 

.580623-10 

(1) 

a 

=  10.61;. 

(2) 

b 

=  41.18;  1 

(3) 

6 

=  39°  58' 

(4) 

A 

«  54^  30' 

103 


TO 


41; 


15.46;  B 
88.20;  B 


550  32' 
270  50' 


58 


114 


Answers  Continued. 


Page  42  -  e.    (B)  A  «  55°  58'  50";    B  =  34°  OT  10";    c  -  48.26 

(6)  a  «  3;    b  «  5.1962 

(7)  X  »  685.89  feet 

(8)  Ht  of  hill  «  84.74  feet 

Page  51  -  h.    (1)  C  »  35°  04';    b  *  577.30;    c  »  468.93 

(2)  B  »  77°;   a  «  630.75;    c  -  929.47 

3)  B  •  89°  52'  48";   C  «  32^  29*  55"   c  «  2.7992 

4)  A-«  510  15.';    b  *  56^  30';   c  «  95.24 

5)  A  "  2°  46'  08";   B  -  1^  54'  42";   c  -  81.06 

6)  A  •  38°  52'  48";   B- •  126°  52*  12";   C  •  W  15 

7)  A  «  46®  49'  35";    B  -  570  59.  44".    c  «  75°  10' 

8)  300  yds 

(9)  3800  yds 
(10)  54.52  miles 


\ 
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BASIC  ABITHSETIC 
(Ratio  and  Proportica^) 

OBJECTIVES  OF  T^IS  USSa3H  . 

Upbn  completioa  of  this  Isasoa,        should  be  ahls  to: 

1.  Define  i*atio  and  proportioa. 

2.  Bjepress  ratxo  and  proportioa  in  both  written  and  trerbal  foma. 

3.  Explain  thd  different  terms  used  in  ratio  and  proportiooi. 
hi    lieam  and  app!l;f  the  roles  of  ratio  and  proportion. 

^.    Recogoise  the  direct  and  inverse  t^pes  of .  proportion. 

6.  Fom  a  proportional  equation,  referred  to  as  '^setting  up  the 
problem,^  ^ 

7.  Solve  various  types  of  probXeas  in-^lvlng  ratio  and  proportion. 


■lis 


do8 


Tto  aafceriai  In  iSda  ls»saa  ia  arraaged  is  small  step  ,  called  - 
fr«a»a.   Each  S^mo  contaliui  inforaaticm  vMch  you  msV  toiow.  Bach 
Sranm  wquipaa  that  you  T«opoad.  by  coaplating  an  incomplete  state - 
ittsnt*  «  / 

The  correct  respoase  ia  stated  oa  the  re-rerse  side  of  tiia  page. 
Qace  you  ccmpOfite  a  fraae,  check  your  answer  and  caatinue  ^dth  the 
neact  trms,  d  ' 

Begii  with  tram  #1  at  lewl'  A  (upper  third  of  each  fraxae  page) 
and  ccotiaue  throu^  all  frames  at  this  le^l.   Once  you.havie  coa- 
pleted  all  iVames  at  lev«l  A  be^  level  B  fMddle  third  of  each 
frame  page)  and  wsrk  all  frames  at  this  level.    After  coo^sletisig 
levels  k  and  B  you  aay  begin  level  C  (lower  third  of  each  frame  page) 
working  all  of  the  probleas.,  ' 

Proceed  throu^  the  lesson  at  your  cwa  speed.    Yofu  will  havi^ 
two  hours  to  coc^plete  the  lessosi,  so  pace  yourself  accordingly.  If 
you  need  help  with  a  problem  do  not  hesitate  to  call  m  an  instructor. 


\ 


10^ 


mm  #1 


\ 


LS7SL  A 


'  •    A  ratio  ia     pel^tico  or  coe^aria si  of  <xm  quantity  to  anothsr 
quantity'  of  the  sam  klsd.   Ihsrofaroy  in  mathaaKticd  m  mm  ratio 
^®  f  OS*  c>**  two  similar  quantitios . 


WiT&t   Do  not  #ork1>«loir  tkls  Una  until  all  fraaair  in  WSL  4  art 
coD^Jdota* 


HUKS  ilk 


Bob  and  m.ck  sgreed  to  divida  profits  of  $|45.6o  in  ratio  of  2 
-to  3,  Stlok  securing  the  larger  share.'  Haw  mucli  should  each  zliceive? 


Bob 


b.  Dick 


•  c 


££OTEs   Do  i^ot  work  belcv  this  line  until  all  fraisaa  in  U5WL  B  are 
ccwplate.  ' 


mm  #27 


Refer  to  Erajifis  #25.    Ija  order  to  siojpiify  setting  up  tMs  pro- 
blem, m  asntaildt  ^aae  the  wrbal  expression  of  t!hi«  d&eet  pro- 
porticR.    lis       :       voi^saen  is  to  1  workman  as  1800  articles  4s 
to  2700  articles."   m  write  this  as 


6".  1800 
X  27^ 


«r  6:X  -  lS00s27b0#   Coagjlfile  the  solution? 

1800X  «  16,200j 


NOTE:    The  ssiss  kinds  are  coa^ssrcd:    "wozio&en  are  to  workzsan  as 
articles  are  to  articles. 


I  ':<i 


ERIC 


mam  #i  (R«spo&ss) 


(0 


/ 


FEAHE  0k  (Hespcese) 
a.    Bob  $18.00 


b.    Dick  $27.00 


FRAKE  #2?  (Besponse) 


V 


ERIC  / 


Ul 


FRAME  §2  .  '  ISVEIi  I 

A  ratio  laay  be  lO-tten  with  two  figures  piitced  verticmiay  and 
'  separated  lay  a  horizontal  liiie  across  the  middle  in  a  fotia  of  fracticoi. 
Erample  s   i  ratio  of  2  to  3  is  written       heacaj  a  ratio  of  3  to  2 
is  witten  ,  Y 


Two  fishersasn  agreed  to.  divide  a  f iah  3  feet  9  iactois  long  in 
the  ratio  of  U  to  5.    How  long  is  each  sacticn? 


I£W  C 

Refer  to  Rpame  #26,    In  jdirasii^g  the  veital  eacpression  of  this 
irrrorse  proportion,  we  say:  "6  wortoen  is -to  1^  worlsaen  as  10  days 
is  to  X  dayp."   ThiS'ls  normally  writ^      *  ^  or  6il$  »  10:2 

"      ^  TP 

but  since  an  increase  in  one  quantity  causes  a  aecrease  in  another 
quantity  this  is  an  inverse  proportion  and  one  side  of  the  equation 
must  be  inverted.    Hence,  it  is  written  %Jm  ^  or  6slS  •  X:10, 
Complete  the  solutions  ^ 

l$l  '  60;    2   •  . 


t 


#28 


/ 


1 


HZ 


fBimS  #2  (Bdspoose) 


FBAHE  #1$  (Hespcaise) 

a.    20  inches  b.    25  inches 


FRAME  #28  (RespoEise) 


i?3 


ERIC 


....  I  .v 


•  c 


\ 
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mm  #3 


WSLA 


A  ratio  nay  be  written  also  with  two  figures  placed  horizoatally 
aad  separated  hy  a  colon.  Esamplas  A  ratio  of  2  to"  3  may  be  written 
2:3|  hence  a  ratio  of  3  to  2  is  written 


FfUHE  #16 


ISVBL  B 


Hr.  ^oith  left  directions  to  divide  his  estate  aaong  three 
children  £n  the  ratios  ZO-h»    If  the  estate  amounted  to  $^1a,000, 
how  much  should  each  part  be? 


( 


This  cca^letes  tim  lesson  frame  on  ratios*  New,  proceed  to 
proportion. 


FRfiKE  #29  LEm  C 

Now  let^  set  U£^  different  types  of  problems  concerned  in  mapping. 
Type  1.    The  sSSe  of  a  map  is  l;25iO00.   What  is  the  map  distance 
if  the  distance  on  "toe  ground  is  12S0  feet?   Ebcpress  iQ  inches.  In 
phrasing  the  verbal  expression,  wb  says    1  is  to  25,000  as  map  dis- 
tance (untaioioi)  is  to  ground  distance  (12S0  ft.).    Me  write  as 
1  Z 

"  12^6  X  l2" 

Complete  the  solution:  


ERIC 


114- 


3:2 


FEAHE  #16  (Saspoase) 
'     ^*000  &L8,0Q0  S2ii,000 


FRAME  #29  (Hesponse) 
25,000  X  •  l$,0OO 


X  -    .6  inches 


8 


e 


A  ratio  of  1  (1:1;)  is  vsrbally  eacpreased  as  one  to  four.  ^ 

n  — — 

Hhsn  a  ratio  of     (Usl)  is  VBrbally  eacpressed  as  . 


FRiMS  #17  •  ,  '       lETOL  B 

If  the  ratio  of  two  nixmbers  equals  the  ratio  of  two  other  num- 
bers, the  four  numbers  form  a  proportion.    Bican^le:  2  •  k  ,  1  ■  2. 

T    6     ?  IT 

What  number  should  represent  the  letter  (X)  to  form  a  proportion 
of  the  following  equation? 

a.    3  -  X  b.    U  -  8 

J    To  r  X 


FRAME  #30  '        lEm  C 

Type  2.    The  scale  of  a  map  is  1:35*000,    What  is  the  ground 
distance  -if  the  distance  on  the  map  is  1.8  inches?    Express  in  feet. 
We  say,  1  is  to  35,000  as  map  distance  (1.8")  is  to  ground  distance 
(unknown).    We  write     l'       1.8  . 

ConipletQ  the  solution:    35,000  x  1>6   . 

12  "   


FBUM  §h  (Kespmse) 
U  to  I 


FH^  #17  (Response) 
a.  6 


b.  10 


FEUHE  #30  (Hiaspcaise) 
5,250  feet 


127 


10 


ERIC 


FRAME  ISm.  k 

The  groupijag  of  two  qiymtities  ia  ratio  is  called  the  quotiant. 
The  two  quantities  of  a  ratio  are  called  the  terras  of  a  ratio,  such 
as  "first  term",  sod  "second  term"*    In  a  ratio  of  3  or  3:ii,  the 


first  term  is  3*  and  h  is  the  second  tem.  In  the  ratio  of  1^  or 
Us3»  h  is  the  aiui  3  is  the 


FRAME  #18  jsm,  B 

p 

In  a  proportion  2  -     or  2:3  *  kt^.  is  callod  the  first  tem  of 
'    1  ^ 

this  proportion,  3  "toe  second  tezm,  U  the  third  tena  and  6  the 

f o^irth  tem.    Than,  in  a  proportion  2^  •^or  i%l  &  UsUi,  ti»  secomi 

and  third  terms  are  .     and  '    ;   first  axKi  fourth 

terns  are  and  , 


FRAME  #31  .  I£m  C 

l^Sfpe  3.  The  distance  between  two  point?  on  a  is  3.6  inches. 
The  distance  between  the  saioe  two  points  on  the  ground  is  3$20  yards. 
Vlhat  is  the  scale  of  the  map?   Wis  says    scale  -  1  -  1:2.    1  is  to  I 

I 

as  3.6  inches  is  to  3520  yards. 
We  write  1  -   3.6 


1  -  3.6  Ccu^lete  the  solution 
X  r   ,     Scale  - 


11 


ERIC 


FRAME  #^  .  (Response) 

first  tdm>  secorui  term 


FRflHE  #18  (Response)" 
7  and      2  and  Ih 


FRAME  #31  (Response) 
35,200;  1:35,200 


118 


i?.9 


12 


11^ 


FRAME  §6  -  lEVH.  A 

In  a  ratio,  the  first  tern  azid  the  second  tens  ares  individually 
called  the  anteeedent  aM  tha  consequent.  Hence ,  when  referring  to 
a  ratio  cf  li  (iisS),  U  is  the   and  S  is  th^  . 


FRAME  #19  I£m  B 

^    In  a  proport^.on  2  »  U  or  2:3  "  U:6,  the  fir-st  and  fourth  terms 

Jo  ■  . 

(2  and  6)  are  also  called  the  extremes »  and  the  ^second  and  third 
tents  (3  and  h)  are  called  the  means  of  this  proportion.  '  iSien,  in 

a  proportion  $  «  10  or  5:6  *AQii2  '{6  and  10)  are  the   and 

6     12  ^ 
(5  and  12)  are  tha  ^  . 


FRAME  #32  -  lEVEL  C 


Typ®  ^«         distance  between  two  points  on  a  captiired  enecQr  map 
is  2.5U  inches.    The  same  distance  on  a  map  in  your  possession,  with 
a  scale  of  1:50,000  is  6.35  inches.    What  is  the  scale  of  ,the  enemy 
map?    Vfe  phrase  this:    1:X  (enen^  j^p)  is  .to  1;50,000  (your  m^)  as 
2.51i"  is  to  6.35".    We  write     X     ,6.35.'    (Note  that  the  second  part 

of  the  equation  is  inverted  because  the  smaller  the  number  the  larger 
the  denominator  of  scale.)    Complete  the  solution :    2.5hX  ». 317500. 

X.  "         '  .    Scale  .=*  .'  • 


13. 


130 


mm  #6  •  (Responae) 

antecedent «  coase<iuent 


SHAJSE  #19   (Respoiise)  ^ 
mfbanSt  extresaes 


SIUME  #32  (Response) 
'  125,000,  1:125,000 


131 


lii 


FHIMS  I? 


auIS  110.  1.  Both  tema  of  a  ratio  nay  b«  aaltipllttd  or  divided 
^  *         nmaber  i*iS5ouJ""SSiging  ti»'  value  of  the  ratioT  Tisr««i|>i* 


2x2  «  k 
IT    ?  f 


Complete  the  following: 


.        •  1 


a 


2' 


It  •  2  ■ 


mmz  #20 


B 


m  A  PKOPOKTI^  THE  PBDDUOT  OF        MSmSES  tS  EX5UAL  10  THE 
^PHODUCT  OP  THE  MEANS.    Bsai^sle:   Do  pwjportioo  3  *  6  or  3:5  •  6:iO, 

5,  lO 

product  of  eztreioes  (3  aod  10}  equals  30  and  procbiot  of  mms  (5  and 
6)  equals  30.   liMch  ooe  of  the  foUowlng  is  NOT  a  proportion? 


a.    2:S;  -  htB 


b.    3-"  9 


2 
3 


6 


FRiiME  #33 


If  12"  pieces  of  furniture  cost  $?2K^^hat  will  2?  pieces  cost 
at  the  same  rate? 


15 


FEAHE  #T  (Sespoase)' 


a.  3 

12 


b.  2 


122- 


FRAME  #20    (Response)  S 


a.    2:5  -  Us8 


•5 


FRAME  #33    (Response)  • 
$162 


ERIC 


12    »  72 

12X  -  19Ui* 
X    •    162  ■ 
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16 


12.3 


FRAME  #6  .  ^     usm  A 


,RDX£  ?I0.  2.    Since  ratioo  may  be  written  in  a  form  of  iVactioa, 
rules  parUining  to  fractions  may  b«  us^,  such  as  reducing  to  lew- 
est  terms.    Evan^plCT ;   6  may  be  reduced  to  2.    Write  the  following 

ratios  in  fractional  foam  in  their  lowest  texsss: 

a.    Usl6  b.    1^  c.  9i2h 


FHAHE  #21  WfSL  B 

Faroporfci<sis,  like  ratios,  say  be  written  in  different  fonas. 
A  proportion.  2  -  h  may  be  written  2  s3  •  l*T6.    WW.te  tlse  foLU^dag  in 

3     5"  . 
different  fonas: 

6    (  .     )     b.    2:5  -  iiilO    (  )  • 


FEaME  03h  im  L  C 

If  IS  carpenters  can  construct  a  building  in  28  days,  iii  hov 
many  days  can  21  carpenters  do  the  same  job? 


17 


FRAME  #6    (Hsaponsd)  ^ 


.  1 


a.    1  b.  1 

IT       .  -     5*  ■ 

4 


fE£HE  #21  (Besponse) 

m 

a.    3:U  -  6:8  b.    2    -  U 

5"  10 


FRAME  #3ii  (Heaponse) 
.    20  dajTS 


15  -  X 
21      *  2? 

21X  -  ii20 

X  -  20 


18  • 


IZS 


FR&MB  #9  IfiVEL  k 

RCIE  HO.  3.    To  find  the  vsIto  of  a  ratio,  t4ie' first  tern 
(antecedent)  is  dimmed  1:^  tlse  second  tana  (conaeqiisnt).  Earample^ 
In  a  ratio  ^  or  $:0,  5  is  divided  by  8,  to  obtain  the  decijaal  va3.ue 

of  .625*    Shov  the  decimal  valoe  of  f  oUoving  ratios : 

a.    1        *  b.    1  \       c.  1*:7 


FRAh^  #22  >  LEVEL  B ' 

A  proportion  2-iior2?i*-«U:8is  verbally  expressed  2  is  to 

t  fir 

1{  as     is  to  8,    Then,  a  proportion  3  *  6  is  verbally  eacpressed:- 


.FRAME  #3$  ^      '  ^  LEVEL  C 

Driving  from  cms  towi  to  ti^  next,  you  ^t  a  speaiosaeter  reading 
of  ,6.5  odXes.    Tlie  same  route  on  a  map  measures  11. inches.  liiJhat 
is  the  scale  of  the  map? 

NOTE:    1  mile  -  63,360  inches.  ' 


19 


ie&SlSB  §9  (Eesponse) 

a.'  .25  b.    .375         c.  .571 

> 


FRiiME  #22  (Hesponse) 

3  is  to  li  as  6  is  to  8 


FRAME  #35  (Response) 
1:36,000 


1  -  11.   

X  -6.5  X  63,360 

n.UiX  -  iiiiBliO 

X  *  36,000 


9 


20 


ERIC 
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FRAMS  #10  JETSL  X 

RPIg  NO,  li.,    in  finding  tb©  ratio  of  tvo  nuabers,  both  mambers 
nmst  be  first  "ekpreased  ic  tbe  same  wilt  of  aeasure .    Exaaple  s  To 
find  the  ratio  of  3  feet  to  $  inches,  the  feet  should  first  be  coa- 
verted  to  inches. 


2^  ■  -  7|  or   2^  or  71=1  (7.2=1) 

Find  the  ratio  of  the  folloi«ing: 

a.    2  ft.  to  2  yd.    .         b.    2  in.  to  3  yd.        c.    5  nii.  to  3  ft. 


mm  #23  mfEL  b 

There  are  two  types  of  proportion,  direct  and  inigBrse .  Direct 
proportion  is  when  an  incsrease  in  one  (|uStl!^^  f-^jf^^aft^^  ^  pTpopoyt.-f  ftyia? 
increase  in  anotib^r  quantity,  or  idien  a  decrea^  in  one  quantity 
causes  a  proportional  ___________  in  another  quantity. 


FRAME  #36 


You  have  a  map  of  likSgOOQ  scale  which  you  want  to  use  cm.  a 
fishing  trip.    The  rout©  you  want  to  take  measures  21.12  inches  on 
tte  map.    V^at  is  the  gramd  distance,  in  miles? 


128 

FaAHS  #10  ^Bs«ponse)  ^3 
a.    1:3  b.    1:5U  c.  8800:1 


FR^  #23  (Besponse) 
decrease 


FRAME  #36  (Response) 
15  miles 


1       „  21.12 

X      »   9501;OQ   »  1? 


22 


139 


'  FRAME  in.  IgyEI,  ^ 

!  •  ■ 

Let's  put  our  l^owledge  of  ratio  to  work  ia  solr'jsg  a  practical 
prohleia.  la  our  school  last  ywar,  there  were  S76  students.  96  wr« 
in  ths  Cartographic  jDrafting  course. 

a*   ^ihat  is  the  ratilo  of  Cartographic  Drafting  students  to  the  ^^ole 


b.   ^ihat  is  the  ratio  of  other  (non-cart oeraphic)  students  to  Carto- 
gr^jhic  Drafting  students?  / 


I 


7 

/ 


FRAME  #21*      /  B 

Jhyersg  proportioa;   tJhen  an  increase  in  one  quantity  causes  a 
proporticoai  decrease  in  another  quantity,  or  a  decrease  in  one 
quantity  causes  a  proportional  in  another  quantity. 


Your  map  has  a  scale  of  Is^OjOOO.    What  is  the  distance  on  the 
laap  if  the  distance  on  the  grouiKi  is  37^0  feet? 

EsiSress  answer  in  inches. 


23 

I  •>  i\ 


ERIC 


FBJUSB  #11  (Hespcmse) 
^.    1:6  b, 


FRAME  #2J4  (Response) 
increase 


FHAME  #37  (Response) 
.9  inches 


5o,ooox  -  li^ooo 

X    =  .9 


2k 


130 


151 

HUME  #1?  I 

let's  try  another  pi^oblsm.  3^  a  class  of  21^  students,  3  studsata 
fallsd  to  pass  the  course. 

a.  Wjat  is  the  ratio  of  students  iiho  passed  the  course  to  the 
vhole  class? 

b.  What  is  the  ratio  of  students  i&o  faHed  the  course  to  students 
who  passed  the  course? 


FRfiKE  mS  _  .    mEL  B 

°^  proportion  s    "Six  workmen  sake  1800  articles 

in  one  da^.   Hew  man^r  workoen  would  be  needed  to  xaake  2700  such 
articles  at  the  saias  rate?"   IHjis  is  a  direct  propoiidon  because  an 
increase  in  articles  will  require  (a,  an)  '  tn 

workmen.* 


FRAME  #38  0 

The  dijstance  between  two  points  on  a  map  is  12,5  inches.  Jhe 
same  distance  on  a  map  In  your  possession,  with  a  scale  of  1:100,000, 
is  8.6  inches.    What  is  the  scale  of  the  first  njap? 


i  '      .  ......  ^  *  ' 


FB£^  102  (Bfisposise) 


a.    7:8  b.  is? 


0^ 


ESi!!S  #25  (Haspcaase) 


FRAME  #38  (Respoaso) 
1 $68,800  . 


X      -  6.6 

100,005 


12.5^    -  860,000 
X   "  68,800 


26  .  -y 


ERIC 


FRAKE  m 


133 


L»ti»8  try  and  solve  aoro  difficult  problwis.    Th^mjsst  of  tm 
zmiBbers  having  &  raUo  of  1  to  3  is  32.   tfeat  are  the  ataabers?  ^ 
Solution;     Imt  X  roppese&t  thft  sai&ller  numbor  sad  3X  the  larger 
nmabep.   X     3X  -  32.   l^X-  -  32,  X  •  85   then  ^  -  2k.   Check;  Dcea 
8  +  2it  •  32?   Yes.    Solvw  this  prohleax:   Sum  of  two  numbers  Wvlag 
a  ratio  of  U  to  7  is  99.   Ifiiat  are  tiM  nuab«rs?   a.    Soalier  ao. 
•     b%    Larger  ao.    .  ""^ 


\ 


FSAHE  #26  ism*  B 

^•^^•^      ^vggs6  proportions    "Six  worksaen  ccrapleted  a  Job 
in  ten  days.    How  many  days  will"Tt  take  fifteen  workxasn  to  do  the 
saiae  job?"   This  is  -  an  inverse  proportion  because  an  iaere^e  in 
^  works»n  will  .  the  auaber  of  days.  — — — 


FRAME  #39  OTEL  C 

The  distan-ic  between  two  points  <m  a  l!l2,50O  scale  map  is  ' 
lii.l  inches,    Vlhav  is  the  distance  between  the  same  two  points  on 
a  1:23,500  scale  map?    Skpress  answer  in  inches. 


27 
iff 


mKE  §13    (Bssponaa)  ^ 


a.    36         •  b.  63 


Return  to  Page  3  for  FRAME  #11*,  WTSL  B 


FRAME  #26  (Response) 
decrease 


Return  to    ige  3  for  FRAME  #27,  lEVEL  C 


FRAME  #39  (Response) 

7,$  inches  12$00  -  X  

23^  HIT 

235O0X  «  176250 


This  completes  a'^T  the  lassoa  frajsea  on.-  ratio  and  proportion. 
Now,  begin  the  SELF  TEST  on  page  29. 

i15 


28 


13^ 


1.    A  ratio  may  be  writteiv  with  two  figures  placed 

and  separated  by  a  _^  across  the  zaiddlB; 


they  raiy  also  be  writtaiav  vitii  two  figuxvs  placed 
and  separated      a       »  (2,  3) 


2.  A  ratio  of  3A'i3  "Verbally  e^ressed  as  *ih) 

3.  In  a  ratio  the  first  tern  is  Called  the  aoi'-yie 
second  term  the  .  N^6) 

li.   The  sum  of  two  nuobers  having  a  r&tio  of  1  to  3  is  'B^.    If  X  ' 
^     equals  the  smaller  number,  then     \.      will  eq-  «1  the  larger 
<sss.  (13)  \ 

VBien  the  ratio  of  two  numbers  equals  the  ratio  of  two  other 
mimbersj  the  four  mxabers  are  called  a\  .,  (17) 

_  \ 

6.    In  a  proportion  the  product  of  tl^         V'  is  equal  to 

the  product  of  the  .  (2QJ 

7>    la  a  direct  proportion  an  increase  in  oiie  cioanti't^  causes  a 
proportional  in  the  other.  (23) 

6.    In  an  inverse  proportion  a  decrease  in  osm  quantity  causes  a 
proportional  in  the  other.  {2k) 

9.  If  five  workmen  can  do  a  jdb  in  ten  days,  how  many  days  will  it 
take  20  men  to  do  the  job.  (26) 

10.  Your  map  has  a  scale  of  l!50,0(X).    VSiat  is  the  distance  on  the 
map  if  the  same  distance  on  tte  ground  is  $280  feet?   ^(37) 
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INSTBUCnONS  TO  smUOENTS  - 

This  type  of  programmed  loaon  is^tuaUy  m  workbook  wherein  the 
overail  information  is  Woken  down  into  small  stepa.  cailed  "Fi«me»". 
Some  framea  require  an  action,  labeled  {Action J :  in  thew  framea  you  do 
the  action  as  directed.  When  you  have  completed  the  (R)  statmeat  oi- 
your  action,  turn  page  to  next  frame  and  continue  leason.  The  firat  hne 
above  each  frame  containa  the  correct  response  for  the  preceding  frame. 
This  serves  as  a  check  on  your  already  written  response  —  NOT  FOB 
COPYING.  booklets  are  your  property;  they  are  not  graded.  This 

lesson  is  not  a  test  (other  than  testing  yourself)  and  you  can  proceed 
through  it  at  your  own  speed.  FVam^  1  through  11,  and  23  wiU  be  on 
odd  numbered  pages.  Frames  12  through  22  wUl  be  on  even  numbered 
pages. 


il9 


O&f ECnVES  OF  THIS  LESSON 


Upon  compleUoQ  of  Uiig  lesson  you  will  demonstrate  the  ability  to 
solve  ftnd  understand  some  of  the  mo«t  commonly  basic  algebraic  formulas 

Specifically  the  follow'ing:  ^ 
a.  Algebraic  addition 
h.   Algebraic  subtraction 
c    Algebraic  multiplication 

d.  Algebraic  division 

e.  Formula  transposition  and  transformation 


Remember  that  you  continue  through  each  frame  in  numerdal  order. 
You  will  probably  get  idong  all  right  on  your  own,  but  in  cai^,  you  need 
help,  just  raise  your  hand,  as  the  instructor  is  there  to  assist  you. 


FINAL  INSTBUenONS 


Algebra  is  that  part  of  mathematics  which  employs  htters  in  reasoning 
about  numbers,  either  to  find  their  general  properties  or  to  find  the  value 
of  an  imknown  from  ita  relation  to  known  numbers. 

R;    la  algebra,  are  used  in  reasoning  about  numbers. 


TURN  TO  PAGE  6  FOR  JfRAME  #2 


(MoooatiAl)  CBiBomial)  (Folynomiftl) 
FRAME  #12 

The  :i  ^ute  value  of  a  number  is  iU  value  without  regard  to  the  sign 
before  it 

Exampte:    The  numbers  -r  7  and  -7  hav'e  the  same  absolute  value.  7. 

E:    The  absolute  vsJue  of  -3  and  +3  is   

FRAME  #13  IS  ON  PAGE  7 


(Letters  I 


FRAME  #2 

The  chief  thing  that  makes  algebra  different  from  arithmetic  is  the  use  of 
letters  instead  of  figures  to  repretsent  numbers  and  to  use  these  letters  to 
form  expressions  and  equations. 

R:    Instead  of  using  figures  to  represent  numbers,    —  are  used. 

These  are  then  used  to  form  and  ^.  


TURN  TO  PAGE  8 


(3). 


FRAME  3;i3 

ft 

When  two  or  more  terms  form  an  expression  that  is  to  be  subje^^ted  to  opera- 
tions such  as  multiphcation  or  division,  they  are  endo&ed  in  parentheses 
(  ) ,  brackets  I  I  or  braces  j  \ .  These  are  called  symbols  of  aggrega* 
tion. 

Example:    If  4X  is  to  be  multiplied  by  2a  ^  b,  ^';e  expression  is 
written  4X(2a  +  b) 

The  parenth^es  show  us  that  we  are  muitiplying  the  ex- 
pression 2a  -  b.  as  a  whole,  by  the  terro  4X,  The  expres- 
sionu)  14-b(a-b)  ]  indicates  that  the  difference  between 
a-b  IS  to  1^  muitipUed  by  b  and  the  product  of  this  sub* 
tracted  from  4  before  it  is  multiplied  by  a. 

R:    The  three  symbols  of  aggn^gation  are  ,  !  and 


GO  TO  PAGE  9 
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4-4- 


FRAME 

When  figures  are  used  to  express  a  mathematical  situation,  the  expressions 
obtained  refer  to  specific  cases. 


B:    Figi^res  limit  the  expressions  obtained  to 
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FRAME  #14 

When  the  root  of  a  quantity  is  extracted,  the  sign  \         called  the  radical 

sign  is  used,  together  with  a  small  figure  known  as  the  index  of  the  root. 

Exaini^:    Some  of  the  radical  signs         are:  ^ 

(1)  Square  root  \/ 

(2)  Cube  root  ^ 

(3)  Any  rtwt  ^  

Any  number  can  Ik  substituted  for  Ni.  ^ 

R:    The  radical  sign  that  shows  the  cube  root  of  a  numl^r  is  

T:    The  square  root  is  ,  and  to  show  any  root  of  a  number  is 
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'  (SfMNeiie  Cwa») 


FRAUE  #4 

The  concept  wbich  we  shali  add  to  our  previoiui  knowledge  of  math 
is  the  of  &  general  number;  that  ia,  the  representation  of  numbers  by 
letters, 

Exami^:   We  aay  that  a  room  ia  x  feet  loi^  and  a  may  stand  for 
any  oumber.  If  we  are  speaking  of  a  particular  room  and 
measure  it  to  be  10  feet  iong,  then  x  would  equal  10: 
however,  for  a  ditferant  room  x  may  have  a  dif^rent  value. 


B:    The  representation  of  numbers  by  letters  is  accomplished  by  using  the 
concept  of  a  
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FRAME  #15 


Ifi  algebnuc  addition  there  aire  three  cues  which  must  be  taken  into  le- 
count;  they  are: 

(a)  Poiitive  number  plus  positive  number 

(b)  ' Positive  number  pius  negative  number  « 

(c)  .  Negative  number  plus  negative  number. 

Eacaiiiiple:  (a,)  To  add  two  or  more  positive  numbers,  Gpd  the  mxta 
of  their  absolute  values  and  prefix  to  tiys  sum  the 
positive  sign.  Hence,  add  -MYao*'  4- 6 Y,  the  product 
equals  +13Y. 

(b)  To  add  a  pdiitive  number  and  a  negative  number,  find 
the  diiference  of  their  absolute  values  and  prefix  the 
sign  of  the  larger  number  to  the  resu^  Hence,  add 
<-&ax  to  +3ax,  the  {u-oduct  equals  -^x. 

(c)  To  add  two  or  more  negative*  numbers,  find  the  sum 
of  their  absolute  values  and  prefix  to  their  sum  the 
minus  sign.  Hence,  add  -Sx  to  ^x,  the  product  equals 

Actba:    Add:     +23xy         -^la,       -AZbc  +  20b 

+  18xy        H-22a       ~37bc  -Sub 
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FRAME  5t5 

When  two  or  mure  quantities  are  multipUi^d  tqgether.  each  quantity  is 
called  a  factor  of  the  product. 

Examfrfe:    If  4,  6  &  S  are  multiplied  together  the  product  is  192; 

then  4.  6  &  8  are  factors  of  192,  but  sinct  4  •  6  is  24  and 
24  ^  S  is  192,  then  24  and  8  are  also  factors  of  192. 

R:    If  the  product  of  3  ■  4  •  6  js  72,  the  factors  of  72  are   ,   , 

\ 
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(+4Sx>'K  C>1S«>,  C-SObe).  (  .Sob) 


FRAME  #16 

One  general  rule  is  sufficient  to  cover  ail  cues  of  algebraic  ftubtractktn.  ' 
Change  the  sign  of  the  subtrahead.  and  then  add  the  &lt«red  subtridxesd 
to  the  minuend,  usinj  the  rules  for  algebraic  aiMitlcm.  In  the  above  rule, 
the  subtrahend  is  the  quantity  to  be  subtracted  and  the  minuend  is  the^ 
quantity  that  it  ia  to  be  subtracted  from. 

Examfile:  To  subtract  ~4ab  from  -rSab,  change  the  sign  of  the 
subtiahend  C  -  4ab) .  and  then  add  to  the  minuend  i  <f  Sab) . 
the  algebraic  sum  equals  +  I2ab.' 

Action:    Subtract:    +  3a  from  +5a 


— 2x  from  +3x 
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FRAME  #6 

In  any  exprtession  that  repr^ntB  a  product,  any  one  of  the  factonit  or  the 
product  of  any  two  or  more  of  them,  may  be  regarded  as  the  coefificienc 
of  the  remaining  part  of  the  expression. 

Example:  If  the  quantity  7abc  ia  conaidered,  i  ia  the  numerical  co- 
efKeient  of  abc,  7a  is  the  algebraic  coefficient  of  be  and  7ab 
is  the  algebraic  coeflScient  of  c. 

R:    If  the  quantity  5xy  is  considered,  5  is  tht_  .  ^f  xy  and  5x 

is  the  of  y. 
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FRAME  #17 

In  OLiultipUcaUon  of  algebraic  terms,  the  product  of  two  nuAbera  having 
like  aigm  is  a  pcuiitive  Qiuober  and  the  product  of  two  numb^  having 
unlike  signs  is  a  negative  number. 

Example:    (a)  multiply  -«-&x  by  -i-ix*  can  be  written  as  (8x)(4x). 
the  algebraic  product  equals  32x'-'. 
(b)  The  product  of  {"SxXte)  ^  ~32sc^. 

Action:   a.   Find  the  product  of  {2a)  {6a) 

b.    Find  the  product  of  (-3b)  (3b). 
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<K»tiiteri«>»{  Corli^iriit)  (AiKd^nOc  Citel^nt) 


FRAME  #7 

An  exponent  %  .-^ny  number  or  algebraic  expression  written  at  the  .nght 
of,  and  above,  another  number  or  algebraic  expre^ssion  to  show  how  many 
times  the  Utter  is  tu  be  taken  ais  a  factor. 

IQjcampte:  If  4  is  multiplied  by  iv's^lf.  we  say  we  have  squared  4 
(written  as  4-).  If  »  is  multiplied  by  itself  we  express  it 
as  . 

R:    The  exponent  of  any  number  or  expression  will  be  placed  at  the 

 „__'  of,  and  that  number  or  expr^ion. 
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FRAME  #1S 

In  division  of  algebraic  termii.  the  quotient  of  two  numbeni  h«ving  like 
signs  is  positive  snd  the  quotient  of  two  numbers  havizij^  unlike  signs  is 
negative. 

ExampSe:    (a)  Find  the  quotient  of  8x     2.  (Like  sigtU)  8x  -i-  2  ~ 


(b)  Find  the  quotient  of      ~  -2.  (Unlike  signs)  Sx 


r 
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(Bight)  (Above) 


FRAME  #8 

The  number  whose  power  is  to  be  found  is  cailed  the  base  number. 

Example:    In  the  expression  a  ,  a  is  the  base  number  and  3  is  the 
power  of  the  base  number  that  is  desired. 


S:    In  the  expression       X  is  the  — 
 of  the  base  number. 


 and  -  is  the 
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FRAME  #19 

An  algebraic  equation  is  a  statement  of  equality  between  two  quantities 
or  operations,  liquations  are  a  very  convenient  mesna  of  expressing  the 
relationship  between  known  and  unknown  quantities.  An  equation  of 
this  type  is  called  a  formula 

R:    A  formula  can  also  be  referred  to  as  an  
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FRAME  5=9 

When  multiplying  quantities  having  the  same  base  numbors.  tneir  expo- 
nents are  added,  and  when  dividing  quantities  having  the  same  base  num- 
ber^, their  exponents  are  subtracted. 

iixample:  If  we  were  to  divide  a*  by  a*,  we  would  subtract  2  from 
4.  givrng  us  a  final  result  of  a*.  If  however,  we  had  been 
multiplying,  a*  by  a*,  we  woyld  have  obtained  a  result  of 
a* 

K:    The  exponents  are   when  dividing  quantities  which  have 

the  same  base  numbers,  and  when  multiplying  quanti- 
ties having  the  same  base  numbers 
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(Algebraic  Equation) 


FRAME  ^fr20 


The  quantity  that,  when  substituted  for  the  unknown  quantity,  reduces  an 
equation  to  an  equality  is  said  to  satisfy  that  equation. 

Example:    x  -  9  —  13,  is  satisfied  when  the  value  2  is  substituted 
for  the  unknown  x 

Action:    Satisfy  the  following  equations: 

a.  9  ^  X  =  15        X  =   

b.  X  -   15  =  12      X  ^  
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FRAME  #10 

An  algebraic  expression  may  consist  of  par's  which  are  separated  by  the 
r  and  -  signs;  these  parts  with  signs  immediately  preceding  them  are 
c?iled  terms. 

ExBini^:  The  expression  3X  4Y  +  Z  is  separated  by  the  plus  or 
minus  sign  into  three  parts.  +  3X,  4 Y.  +  Z.  These  parts 
are  the  terms  in  the  expression. 

S:    If  an  algebraic  expression  is  separated  into  parts  by  the  +  or  the  - 
signs,  these  parts  are  called  the  of  the  expression. 
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<€>  (27) 


FRAME  #21 

The  form  of  aa  equation  may  be  changed,  when  solving^  an  equation,  but 
the  change  must  be  such  that  the  aides  remain  equal  to  each  other  after 
the  change.  The  same  change  muat  be  made  in  both  sidei  so  they  remain 
equal.  The  change  in  the  fomof  an  equation  in  this  manner  is  called 
transformation.   Four  commonly  used  ways  of.  transformaticm  are: 

(a)  By  adding  the  same  quantity  to  both  sides  of  the  equation. 

Example:    2x  4-  10  —  16 

5=  5 

2x  -i-  15  -  21 

(b)  By  subtracting  the  same  quantify  from  both  sides  of  the  equations. 

Example:   23e  +  10  =  16 

-  5  =  -5 

2x  +  5  =  11 

(c)  By  multiplying  both  sides  of  an  equation  by  the  same  quantity,  or  by 
raising  both  to  the  same  power. 

Example:  2x  +  10-  16  (2)  (2x  +  10)  =  (2)  (16) 

(2x  +  10)'- =(16)'  4x  +  20  =32 

4x'+  40  X*  +  100  =  256 

(d)  By  dividing  both  sides  of  an  equation  by  tne  same  quantity,  or  by 

extracting  the  same  root  of  both  sides. 

Example:    2x  i-  10  =  16  or  x  +  5  =  8 
2  7 

f 

R:    The  value  of  each  side  of  the  equation  is  changed  by  any  form  of 

 ,  but  the  sides  still  remain  equal  and  the  value  of  the 

unknown  is  not  altered. 
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•  FRAME 

If  an  cxpiesaiun  Cijntaints  only  «ine  term  it  is  said  to  be  amuinmiial;  if  it 
has  two  terms  it  iss  a  Binomial,  and  if  it  ha^s  many  tcmiis  it  i&  a  Poiyaoi  IaI^ 

Kxampl^:  The  expressiun  5X  has  only  one  term,  so  therefore  it  is 
a  monomial  expression ;  if  howevei  the  expression  had 
two  terns,  5X  5Y.  it  would  be  a  bmomiai  ex,  ession« 
and  if  it  had  more  than  two  terms.  5X  ^  5Y  5A.  it 
would  be  a  polynonaal  expression. 

K:    A  one  tei  nx  expressaon  is  ii«!d  to  be   ,  an  expression  with 

two  terms  is  a       —  ^-  expression,  and  an  expression  with  many 

terms  is  a  ,  ^  expression. 

GC.  BACK  TO  PAGE  S  AND  CONTINUE  WITH  FRAME  s^:l2 
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(Tnuuiformibtiiatt ) 


FRAME  #22 

Transpoaition  is  the  process  of  taking  a  term  from  one  sidt  of  an  equation 
and  placing  it  in  the  other  §ide  of  the  equation  with  the  sign  changed.  It 
is  equivalent  to  adding  the  same  quantity  to,  or  subtracting  the  aame  quan* 
tity  f rom,  both  sides  ot  the  equation. 

Example:   6x  +  4  =  2x  +  3. 

The  2x  can  be  brought  to  the  left  side  of  the  equation  by 
dropping  it  from  the  i?ght  side  and  writing  it  m  the  left 
side  with  the  sign  changed.   Now  the, equation  fieads: 
6x-2x  +  4:=3   or   43i-}:4  =  3. 

Action:    Transpifse  15k  in  the  foUovirtng  equation:    235c  —  4  =  15x  +  4 
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FRAME  #23 

The  foiiowulg  m  a  precise  statciment  of  what  to  do  in  solving  the  simple 
equation: 

(1)  Transpose  al!  the  terms  containing  the  unknown  to  one  aide  of  the 
equation. 

(2>  Transpose  ail  the  tenns  not  containing  the  unknown  to  the  other 
aide  of  the  equation. 

(3)  Divide  both  sides  of  the  equation  by  the  coefficient  of  the  un- 
known. 

R:  After  transposing  all  terms  containing  the  unknown  to  one  side  and 
all  terms  not  containing  the  unknown  to  the  other  side,  both  sides 
are  then  by  the  coefficient  of  the  unlmown. 
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You  have  aow  completed  the  '^Lesson  Frames".  Now 
complete  the  review  which  la  in  the  form  of  a  self -test. 
Fill  in  the  blank  spaces  in  each  test  item.  Th^  number 
in  parenth^us  (  )  located  at  the  right  of  each  blank 
apat^  refers  you  to  the  frame  number  from  which  the 
statement  was  taken. 
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1.  Algebr-a  is  that  part  of  math  which  employs  ktters  in  reasoning 
jtbout  (1). 

2.  When  numbers  sure  used  in  solving  an  algebraic  exprt?s»ion,  the  ex- 
pression wiU.  be  pertaining  to  a   (3)  case;  whereas,  if  tetters 

are  used  the  expression  will  be  pertaining  to, a   (4)  case. 

3.  In  the  express  on  4  <  9  x  20,  4,  9  and  20  are  C5)  of  the 

product  720. 

4.  The  number  written  to  the  right  o',  and  above  another  is  called  the 
 1?)  of  that  number. 

5.  If  5  is  multiplied  by  itself,  we  have  (7)  5  •   It  is 

expressed  as   : —  (7) 

6.  The  terms  of  an  expression  are  parts  which  are  seg^rated  by  the 
  (10)  and   (10)  signs. 

7.  The  absolute  value  of  a  number  is  its  value  without  regard  to  the 
 (12)  before  it. 

8.  The  three  symbols  of  aggregation  are   ,  and 

 (13). 

9.  The  radical  sign  for  the  cube  root  of  a  number  is  (14). 

10.  The  preftx  to  the  sum  of  a  positive  number  added  to  a  positive  num- 
ber is  the  1  (15)  sign. 

11.  The  prefix  to  the  sum  of  a  positive  number  added  to  a  negative  num- 
ber is  the  .^^ign  of  the  (15)  number. 

12.  The  product  of  two  numbers  having  iike  signs  is  a  (17) 

number  and  the  product  of  two  numbers  having  unlike  signs  is  a 
 number. 

IS.    Equations  are  also  called   il9) 

14.  When  making  a  change  in  the  form  of  an  equation,  the  sides  must  re- 
main  .   (21). 

15.  The  process  of  taking  a  term  from  one  side  of  the  equation  and  plac- 
ing it  in  the  other  side  is  called  ^  _  ( 22 ) 
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Oi  all  the  isuithasaticAl  procassd  v«  lejim  is^sclfool  perhop*  the 
easiest  to^rget  are  the  uses  of  powers  and  roofs.    Problems  imrolv- 
log  powers  and  rcKsts  rarely  occur  in  evib>r(4ay  li£e  an^  unless  you  are 
in  one  o£  the  sci^ti€lc  fields  you  seldon  use  them.    Since  they  are 
critical  in  the  Held  ol"  surveying  we  find  it  necessary  to  review 
the  baaic  fundwrnrntals 

This  text  is.  designed  sut  &  review  and  when  success£ully  s«^let- 
ed  should  provide  the  student  with  sufficient  background  to  solve 
any  probleos  that  rei^uired  the  use  of  positive  whole  number  exponents 
and  square  roots. 
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POWEBS  PiSD  ROOTS 
INSTRUCTIONS  TO  STUDEIfrS 

This  progrsoD    etxt    is  a  unit  o£  work  which  involves  **Self 
Teaching".    The  overall  lesson  information  is  broken  Into  small 
steps  called  ^*£rames*^    Each  franm  instructs  with  vords,  sample 
j^robicms,  or  both,  then  requires  you  to  apply  that  bit  of  ins  true* 
tion  by  cofTipleting  a  response  or  doing  a  described  action.    The  book-- 
let  is  set  up  so  the  frame  is  on  the  frouc  of  the  page;  while  the 
response  or  illustrative  portion  of  that  frame  is  on  the  back  of 
the  page. 

To  work  and  learn  with  this  booklet »  you  read  the  frame  and 
complete  th^  "response  or  problem,  then  continue  over  to  the  back  of 
the  page  for  Jie  answer^  it  is  there  for  verification,  NOT  for 
COPYING,    IKhen  tUat  frame  is  ccmipleted  successfully,  go  to  the  next 
frame  in  numerical  sequence. 

This  lesson  may  be  given  as  a  classroom  exercise  or  it  may  be 
given  as  a  hon^erork  assignment.    If  you  are  in  the  class^pom  and 
find  that  you  need  assistance  or  ad^^ice  in  order  to  arrive  at  the 
correct  answer  raise  your  hand  and  an  instructor  will  assist  you. 
If  the  exercise  Is  given  as  a  homework  assignment  and  there  is  no 
instructor  availably  to  assist  you  in  arriving  at  the  correct  ans- 
wer, go  back  and  review  the  previous  frames «  you  may  have  missed  a 
point.    Otherwise/  continue  to  the  next  fr^e. 


i  i 
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FOUEKS  AND  ROOTS 
OBJECTIVES  OP  mis  LESSON 
Upon  completion  o£  this  text  you  should  be  able  to: 

1,  Defl^fif^a  factor. 

2.  Dctiae  e  baMe. 
3«    Define  a  pover. 

4«    Define  an  exponent* 

S«    Indicate  the  power  to  which  a  nuiober  is  to  be  raised 
using  eaEponents. 

6.  Raise  any  given  number  (bj&se)  to  any  given  power. 

7s  Define  a  root. 

8.  Dzm  a  radical  and  describe  its  use. 

9.  Define  an  index. 

10.    Indicate  the  root  to  be  extracted  using  the  radical  and 
index « 

List  perfject  squares  up  to  100  and  their  square  roots. 

12 «     Identify  and  put  in  proper  sequence  the  step^  used  to 
extract  a  square  root. 

'        Extract  the  square  root  of  ^^ny  given  whole  number, 
decimal  number,  or  cossoon  fraction. 

14.     Evaluate  your  solution  by  squaring  your  solution  and 
adding  the  remainder. 


iii 


A  factor  of  a  given  nu&biir  Is  any  n-  ajber  tha.t  vlll  divide  into 
that  nuK^ar  exactly.    In  the  followxag  problesi  7  and  5  would  be 
called   .  of  35. 


_7 

5/35 

35 
00 


28.    If  ve  wanted  to  indicate  the  nuiober  of  tioee  &  base  is  to  be 
used  to  obtain  a  pover  and,  if  ve  had  to  write  it  out  long 
hand:    i,e,  3k3x3k3w81  or.  use  3       a  base  4  tiroes,  it 
would  take  all  day  md  reams  of  paper  to  write  a  few  problems. 
Instead  we  use  a  numerical  symbol  called  an  e}r;;>onent  to  in- 
dicate how  iuany  times  the  base  is  taken  as  a  factor. 


•  ( 


55.     In  tie  last  frame  there  wai  no  deciraal  point  indicated,  and 
thexe  was  an  even  number  ol  digits,  now  lets  look  at  another 
case,  one  wita  an  odd  number  of  digits  to  the  right  and  left 
of  the  decimal,  for  example  437.0  which  would  be  separated  as 
4 •37.' 00.    Separate  the  number  54,723.  Ill  into  periods   


ERIC 


1 


1.  Factors 


28.    No  response  required 


55.     5^47^23, ll'lO 

As  we  know  we  can  add  a  aero  to  the  left  (front)  of  a  whole 
r^umber  (054723>  llD  without  changing  its  value.    We  cau  also 
add  a  gero  to  the  right  (back)  of  a  decimal  without  ch^i^inj^ 
its  value.    Since  the  zero  on  the  left  of  the  whole  ntiinber  will 
not  be  used  it  need  not  be  written.    However,  the  zero  on  the 
righr  of  the  decimal  will  be  used  ^nd  must  be  shown. 


2.    Complete  the  following  problem:     34  -r  2  « 

The  factors  in  the  probl^  given  above  «rc  and 


29.  I  An  exponent  is  a  numerical  sytnbol  indicating  the  power  to  which 
a  base  is  to  be  raised*    A  positive  whole  nimd^er  escponent  in- 
dicates the  nusiber  o£  tisses  the    is  to  be  used  as  a 

>    The  result  of  this  multiplication  is  called 

the 


56.     *rhe  number  of  periods  formed,  both  to  the  right  and  to  the  left 
of  the  decimal  point,  will  equal  the  nuriber  of  digits  in  the 
answer  both  to  the  right  and  the  left  of  the  decimal.  For 
example  the  square  root  of  1  00  i&-    1  0 

/1*00 

however,  the  square  rout  of  1,00  is      1 . 0    ,     There  are   


digits  in  the  square  root  of  58081-0 


ERIC 


*  ♦ 

113 

2.    2,  \1 


1  29.    Base,  factor,  power 


56.     4,  The  square  root  of  58081.00  is  241.0  or  4  digits 


i  >  5 

ERIC 


r 


3.    If  17  is  one  factor  o£  51  the  other  factor  Is 


114- 


30.    The  exponent  is  %n:itten  as  a  small  number  placed  above  and  to 
the  right  of  the  base.    Given  3^,  3  is  called  the  ______ 

and  4  is  the 


57.    The  second  step  in  finding  a  «quare  root  is  to  find  the  largest 
perfect  square  which  is  equal  to,  or  Itass  than  the  left  hand 
period.     In  the  sample  below  this  perfect  square  is  9,  Write 
it  under  the  first  period  (11)  and  pla:e  it's  root  (3)  above 
the  first  period  in  the  ansver. 

Example: 


/II '62 '81 

9 


er|c  ■■- 


30*     3  «  base 

4  eKponisnt 


57.     No  respcnse 


...  ?  J 


Another  methoti  of  indicating  divition  is  to  vrltft  the  prdbltn 
in  fractional  form.    Perform  the  diviiion  indicated  in  the 
following  probleo  %  -  ■    .    In  the  problem  above 

the  factors  are  «nd  ■  "Jh* 

product  of  the  factors  is  • 


31.    If  the  base  5  is  to  be  used  7  times  as  a  factor  the  statement 
would  be  written   using  exponents. 


58,    Step  three  Ls  t-   subtract  the  perfect  square  from  the  first 
period  (11-9)  and  bring  down  the  second  period  to  forjn  the 
first  remainder. 


/11'62'81 

262    —  first  remainder 


1  !.  • 


o 

ERIC 


U.  .5 

2,  .5.  1 


31.  5-^ 


58.     No  response 


I 


8 
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r 


ERIC 


118 


5.    it  i»  potsiblc  for  a  nuiBber  to  hav«  more  than  one  »et  of 
jEactors  for  exa&pla  in  the  number  16  ve  find  tha  £ol loving 
f acotra : 

_4 

4/16       Therefore  4  is  ^  factor  of  16 
16 
00 

-J. 

2/16       2  and  8  are  factors  of  16 

16 
00 


32.    In  the  problem  2x2x2x2x2;  the  base  is  u«ed 
timet  as  a  factor.    The  problem  can  be  written  as 


using  exponents  and  the  resultant  power  (product)  is 


59,     Given  the  number  78961,  divide,  the  number  into  periods 


the  root  of  the  first  period  is  the  first 

remainder  is  .     (NOTE:    Be  sure  when  bringing 

down  a  period  to  bring  down  both  digits.) 


r 


5.  .No  response 


32.    5.  2^,  32 


2   root 

59-  /7'89'61 

4 

/389         first  remainder 

i 
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(  6.    On*        of  fftctott  for  th«  nuatbar  30  it  2  md  13..    Another  «ce 


of  factors  for  30  la  wd 


33.    Giver.  3x3s3x4x4»'  .  vould  ruwrite  the 

problem  sfi  x  uaing  eseponentt.  The 

resultant  produr  "  ^s    ...  , 


#  ( 


ERIC 


60.     Step  four  la  t>  detcncine  a  trial  divisor.     To  do  this. 

multiply  the  answer  (rcot)  obtained  ao  fai  (3)  by  20  (3  x  20 
60)  and  write  it  to  th«  left  of  the  first  remainder.  (NOTE: 
It  is  not  necessary  to  vrite  in  the  rero  since  it  will*  be 
changed). 


Example:  3 

/ll'62'8J 

Trial      -      60/  262  first  reaaainder 

dlv  .aor 

Find  the  trial  divisor  /625 


11 


6.    3^  XO  or  5 


,  J  or  2,  3. 


3  X  10  •  30 
5  Sv  6-  30 
2  X  3  X  5  -  30 


) 


33,    3^  y  A^;  432 


60.  7^25 
40/225 


V. 


j  0') 


^181 


•3 


12 
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7,    TuQ  £«ctQsr«  af  th«  nioaber  2?  «ir«    .  ^  sod' 


^'YBS  ^  HO 


34.    Giv«n  2^  x  3^  «  wfc>  •jta  rcmrite  dift  probl«ai 


X  -   --  X 


and  the  resultant  product  Ic 


61,    Find  the  flrat  digit  o£  the  root,  the  firat  remainder,  and  the 
firtt  trial  divisor  for  the  tjumber  223.0. 


13 


193 


•61.  /2'23.00 

1  ^ 

20/123 


8*    A  '£accor  of  a  glv«&  ai^jOMr  I*     -  '  thit 

will  divide  into  that  number  »  . 


35.    Since  Che  earooneat  indicates  the  power  to  iriiich  the  b^e  it  to 
^  reieed  «e  ce«d  the  eatgQ|aeof»  a*  tha  power.    For  ea«npla 
3^  would  re«S,  or  be  stated  oa:  three  to  thm  fourth  power. 
5^  would  be  stated  as     '  to  the  .  power. 


62.    For  step  five  divide  the  ransinder  by  the  trial  diviior.  '  The 
result  of  this  division  is  the  nsxt^figure  in  the  root.    It  is 
also  used  to  replace  the  sero  on  the  rig^t  of  the  trial  divisor 
to  fom  the  divisor.    S&iltiply  this  divisor  by  the  last  digit 
of  the  root,  end  place  the  product  under  the  remainder.    If  . 
the  product  is  e^al  to,  or  leas  thrit,  the  reaalnder  you  have 
found  the  true  divisor.    Subtract  the  prod^ct  from  the  remain* 
der  and  bring  down  the  next  period  to  form  a  nctw  remainder. 
ISiia  process  is  repeated  for  each  figure  in  the  root  or  until 
the  desired  nus&er  of  decimal  places  have  been  reached.  Find 
the  square  root  of  625. 


15 


lay  mipbU;^  •xactly  « 


five  to  the  sliith  or  5  to  the  6th 


2 .5  '  ^ 

/6'25 

4  

45/225 
"  225 

If  you  got  it  go  to  th«  next  txmm  ii  not  review  frtaam  51^ 
55,  56.  58  and  60. 


19« 


16^ 


186 


faetog  of  «  xiuHbcr  mqt  also  -b«  4i«fin«(i  ai  mr  mm  of  two  or  ** 
.         auHbart  nhich  iAmt  ■ultto^ad  vill  pcoduca  the  giv«a 
tuabtr.    In  th«  ta^pl*  problta  balov  2.3t5  aod  7  «r«  «XX 

factors  of  210. 


2x3x5x7*  210 


-36.    Som  ex^anta,  or  popart,  fsava  ap^al  lunai.   Tha  aacon'd 
powar  of  a  mnLar  la  caliad  tfaa  aquara.    3^  vould.ba  raad' 
3  tquarad.    l%if^  third  povar  of  a  nusabar  la  eallad  tha  cuba. 
writtan  3^  and  raad  as  3  *•  . 


63.    Solve:  /324 


ERIC 


17 


197 


87 


cubed 


in 


'"3 '24 
1 

224 
OOP 

JJOl'Es  the  first  product  was  too  large  and  the  last  digit  of 
both  the  divisor  and  the  root  had  to  be  changed. 


10.  X»U..ftU»^p«.M«U»^..in.C«=.«.U 

2  X  3  X  •  .  •  66 


37,    ISie  pavmx  (^n»duct>  16  could  «lto  be  •scpreMcd  «•  2  to  the 
•  (Knrer  or  using  eacfK^nente. 


64.    Solve:  /1025 


19 


r 


XO.  11 


37.    fourth,  2^ 

If  you  got  it  go  on, -if  not  see  irmtm  12,  33  and  3h. 


5  5 

64.  /30'25 

\  25  

105/  525 
'  525 
000 


2ya 


20 


li;    R«f«indlng  bmck  to  Fir«Mi  5  ir«  kaow  tfe«t  2,  4  «nd  8  «r«  all 
^  >^  fActori  of  16.    Ctlxig'  tbe  dtfinitiim  in  frtmm  9  wt  c«n  sa« 

l^iAt  this  £4M£t.»*y  alto  atatttd  «s:  4x4»l6«]ui2xS 
16,  thli  b«iag  tvum  «•  on  «l«o  ««y  that  2x2x23i2«  16. 
"Sitrttfort  2  It  th«  luLlutt  pottlble  tms^toT  xit  16. 


38.    Ihe  probloa  four  Hwured  plus  thire*  cubMt  plus  taio  to  ths 
fourth  ponsr  would  bs  rswritteti             - '.  .  .    +  . 
 •     "  and  tha  rasult,  is   


y 


65.    Solve:    /I 3225 


21 


201 


11;    No  «ni«er  required 


38.    4^  +  3^  +  2^  m  39 


\ 


Result  •4x4-t-3x3x34>2x2x2x2»I6  4-27<i'16»59 


i 


( 


115 
65.         /1'32'25  ' 

1  

21/  32 

"21  

225/1125 
U25 
0000 


poo 


\ 
\ 


22 


Two  ffmctori  of  ti.«  niia>b«r  81  «r«  ..  -   tad  ^ 

By  Clndias  th^  factors  of  thM*  factors  ««  can  find  that 


ia  mxptmrnt  is  a  ovm^icai  synabol  Indicatis^  a/th*  ^ 


(in 


oun  mirda) 


Solve:  /28224 


23 


203 


12,    9,  9  or  3.  27 

9i«3x3io9K9"3x3K3x3 

27  •  3  X  9  or  3  X  3  >'  3  io  3  X  27  -'S  X  3  X  3  3 


39.    A  power,  or  the  number  of  tlmce  a-base  is  used  as  a  factor. 

t 

/ 


-4 


r 


1' 


6'  S 

66.  /2"82'24 


82': 

26/18F 
156 


328/  2624 

2624 
0000 


204  •        •■  . 

t 


24 


I  I         I    .  pih  I  k 


■  ■X. 


H4 


13.    Uking  the  logic  pr««eaated  taut  £ar  thtt  smallftst  posnlblc 
factors  of  105  are   ,   and   - 


40.    The  nth  root  o£  a  nui&ber  la  that  ousbftr  (hase)  which  n^exi 

uaed^as  a  factor  n  timea  vlll  produce  the  nusMber.    The  aguare 
root  of  a  number  Ts  one  of  two  equal  faetora  into  which  a 
nus^er  ia  divided.    Th^  cube  root  if  one  of  three  equal  factora 
into  nhich  a  nuniber  ia  divided;  the  fourth  root  ia  one  of  fouf 
equal  factora;  and  ao  on  for  the  higher  roota. 


67.    If  at  any  time  the  trial  diviior  ia  larger  than  the  correapotid- 
Ing  reofiinder  place  a  aero  in  the  root        at  the  right  of  the 
trial  diviaor  then  bring  down    le  next  period. 

2    0  5 

Example:  /4'20'25 

4  

405/  2025 
2025 

OOOC 


Solve:  /9548T 


25 
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13.    3,  5,  7  (Logic  see  £razae«  11  and  12) 


Solution  105  -f  5  •  21  so  5  «nd  21  are  factors  (t£  105 
21  -r  3  «    7  «o  3  snd  7  are  factors  o£  21 

Substitute:    3x7  £or  21  in  £irst  set  of  factors  ve  have: 
5  X  3  X  7  -  105 


40.    No  response 


3    0  9 
67.  /9'54'81 

9  

609/  5481 
5481 
0000 


208 


26 
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14,    Frfitt  vhAt  h«»  been  prfiscnted,  can  ««  t«y  th«t  2|1  mrltlpliert 
and  multipll-  gaa  are  factors  cif  thair  product?  / 


YES    '  »0 


41.    If  ve  separate  the  nussber  16  into  two  ec^ual  factora.  4  and  4 
then  or|i<s  o£  these  factors  is  called  the  root.    Since  the  fac* 
tor  is  used  twice,  or  squared  to  obtain  the  nua&er  the  factor 
is  called  the  square  root.    A  square  root  is  a  base  lAtich  is 
used    tiiMS  as  a  factot  to  obtain  the  given  aiwaber. 


68.  Point  off  as  many  decimal  places  in  the  root  as  there  are 
periods  to  the  right  o£  the  decimal  point  in  the  original 
number. 

1.2 

Examplej    /I '44 

1  

22/  44 
44 
00 


Solve:  /i6.5649 


27 


207 


14.    YES  -  X£  thera  is  aoy  doubt  check  £rame  9 


41-  Two 


4.  0  7 
68.  /16.56'49 
16  - 
807/  5649 
5649 
0000 


20S 


15.    13iing'irtiAt  i^H^luv*  l««mwl  so  f ar  c«n  v«  Miy  that  jU  divitof 
and  auotiwatt  are  factorft  of  th«  dividead? 


>■ 

•J" 


42. 


Ih«  procMS  of  obiiiftining  a  root  is  Just  cHe  Invt^rss  of  tbst 
by  ^Aiich  a  poiwr  Is  foimd.  ■  Sepsratlng  i2s^into  thtmm  squsl 
factor?  5  X  5  X  5  "  125  vs  nould  say  that  5,  is  tha  _         •..  . 


root  of  125,  since  the  factor  is  used  three  times  to  dbtain 
the  pover. 


69.    Solve:    /25. 20040 


29 


ERIC 


209 


15.    If  you  laid  1^  you  *re  WBCaJGf    R«©««ab«r  th«y  ou»t  divid« 

xactly  into  the  dividead.    There  «r«  «CH&e  combinations  that 
jUBt  will  not  qiualify.    For  exacsple  we  can  divide  3  into  iO 
all  day  long  and  when  ve  etop  there  will  still  be  a  remainder. 


3/10.0 

-i  ■  * 
10 

_± 

1 


f      »      •      •  • 


42 .  Cube 


5.  0    2  0 
69.  y'25.20'04'00 

25   7 

10Q2/      2004  I 
,2004 


Add  a  tero  Co  complete  the  last  period 


1004 J  OOOO 


30 
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Zoo.. 


16.    A  factor  c£  a  niaibar  way  ba  dafinad  aa 


(Stata  in  your 


o«m  irorda) 


43.    ^ain  given  th«  number  "16  «md  knowing  ita  two  aqual  factora 
.  are  4  X  4  ve  can,  by  finding  the  factor  of  th^sa  fActora, 
divide  16  into  four  aaual  faetora  o£  2  x  2  x  2  x  2  »  16  vhitt 
thia  haa  been  collated  wa  can  aay  that  2  la  the  „„^„^,„^^^^ 
root  of  16  ainca  the  baae  2  nmat  ba  uaad  four  tioaa  aa  a 
factor.  . 


70.    Not  all  nusibera  are  perfect  aquarea.    In  a  caae  i^ere  a 
probloo  doea  not  come  out  even,  we  carry  it  out  to  one 
decimal  place  more  than  v«  deal  re  and  round  the  anawar  bf  ek 
to  the  deaired  number  of  decimala.    Find  the  root  of  123. 4  to 
tvodecimala. 


31 


ERIC 


211 


4  • 

AnytMns  tki&t  lay**,    aoy  nuaber  that  wil>  -"Ividc  exactly  into 
thm  glvttn  utmber  or  oms  of  two  or.atore  nuc&era  .vhlch  \^en 
multlgilied  ^iil  produce  thm  givea  otoisber. 


I 

V 


Fourth 


1    I.  1    0    8       •  11. U 
/T*23.40»00'00 

1  

21/  23 
21 


221/  240 

221 


22208/  190000 
177664 


2336  remainder 


32 


A  few  i«        factor  i»hlch  in  multiplied  by  iticlf  s  givca 
number  of  tim««  to  abtain  «  product.    For  example,  in  tha 
probltta  3x3x3"  27.    3  iwuld  be  called  this  - 


Tlhe  radical  tign,  dr«m  /  ,  it  ueed  to  iadicata  that  a  root 
ig  to  be  extracted.    Ihe  radical  ia  ccmnected  to  a  line 
(vinculum)  which  it  dr«ra  ovar  the  masbera  to  ba  affected. 
/123  .    A  radical  drawa  aa  __  indicatea  a 

is  to  be  found  (taken). 


J 


J 


Solve  to  three  decimal  plAcec:  /18 


33 


l!^.  Base 


44.  root 


4.  2    4    2  6 
71,  /IS.OO'OO'OO'OO 

16  

82/  200 
164 
844/  3600 
337  6_ 
8482/  22400 
16964 
84846/  543600 
509076 
34524 


-  4.243 


2 


ERIC 


13.    Giv«ii  thft  ttUBibsr  4  «s  &  pcoduclfiibd  told  to  find  «  ba«»  factor. 
W«  mist  ask,  ^at  ouab«r  eisiea.  ittfelf  «qu«l«  4.    Ihs  cniir«r 

it    .    . 


45.   -A  moMll  figure  caXlpd  tfaa  ludeaE  of  thm  root,  it  placed  in  tha 
opaning  of  tha  radical  ai<m  (3 A  to  ahow  irtiat  root  it  to  ba 
taken.    Tha  root  to  ba  talcfta  it  indicated  by  tstall  figure 
called 


72.    Solve  to  three  decimal  placet:     /O, 514089 

•  r 


2 


35 


18.  Z 


U5 .  Index 


0.  7    I  7 
72.       /O. 51 » 40 '89 
49    •  * 
141/  ^40 
141 

1427/  9989 

gqgg 


0.717 


/ 


\ 


36 
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iNfhttn  A  bui  is  oultlpiittd  by  itflf  «  giv«a  ntubftr  o£  xXvm,  to 

obtain  a. product  th«t  product  Is  cmllod  a  JBgStE-  ^ 

3  tlMM  u  a  baaa  (factor)  tha  taattltizis  poiiar  ia  ..x 


*>»  t. 


Sissea  the  aq«ar«  root  ia  Gaomt  cooaooly  uiad,  tba  icc^ax  nuabar 
ia  omitted  and  the  aqMara  root  of       ia  vrittan  /64»  Othar 
roota  smat  ba  abowa  by  an  iudax  nua^r. 

iadicatea  the  root  of     •  * 

J\h^      "catca  the  .  root  of  .  » 

^/hk  iatei  the  root  of  ..  . 


So^e  to  four  decimal  pXfi;:6S:  /7.2S 


37 


2iy 


19.  216 

6  a  6  X  6  -  216 
36  X  6  «  216 


46.    Cube  root  o£  8 

Sguare  root  of  144 
Sixth  root  o£  64 


•X 


"I 
I 


ERIC 


538508/  4437500 
4308064 

129436 


2.  6    9    2    5    8     -  ,2.6926 
73.  /7.25'00»00'00'00 

4  - 

46/325 
~  276  ' 
529/  4900 
"  4761 


5382/  13900 

10764  

53845/  313600  cl^ 
269225 


38 
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ffk  20.    If  12  Is  used  two  tij&M  as  a  bats  the  rsftulting  poimr  is 

 •  X  -   L  


47.    The  nth  nsot  o£  a  ausber  Is 


(In  your 


own  words) 


74,    To  extract  the  square  root  of  a  comusn  fraction  first  reduce 
the  fraction  to  it's  lowevt  terras  then  extract  the  square 
root  of  the  numerator  and  of  the  dtnominator. 

Example:     /16_        •        11  ■yT-l 
V  64  .  V  4 


/4  2 


Solve 


Vll2 


39 

219 


ERIC 


20.    12,  12,  144 


47.    Any  ansiwr  which  means:    that  nuiaber  which  when  used  as  a  ^. 
factor  n  times  will  produce  the  nus&er. 


) 


LI         .       /I         -  i 

74.    4Ti2       ■      V28  /4  2 


22') 


40 


2/0  ' 


21.    The  bMc  factor  o£  the  aumbar  36  is  .    It  ii 

used  2  ticMS  as  a  £aeti>r. 


48.    A  radical  (/)  indicates  a  is  to  be  found.  If 

there  is  no  Index  given  (such  aaV  )  tiie  radical  '/)  indieati&S 
a  is  to  be  found. 


T 


75.    I£  both  terms  of  the  fraction  are  not  perfect  squarea, 
reduce  the  fraction  to  a  decimal  nuo^er  and  extract  the 
square  root  o£  the  decimal. 


japle:     /  1    -  /I  -r  5       -     A  20' 00 

V  5  16 

84/  400 
336 
64 


Solve  to  two  decimal  places: 


41 


9o 





21.   6,  sines  6  x  6  •  36  ■m) 

If  you  got  it  go  on  to  frame  22     If  you  missed  it  ses  ttvamu 

17  snd  18. 


48.  Root 

Square  i^ot 


6    1    2    -  ,61 
•     /.  37  •  50 '  00 

36  

121/  150 
121 
122-/  2900 
24A4 
456 

NOTE:    Retaember  there  must  be  an  even  period  in  the  number 
£or  each  decimal  place  in  the  root. 


222 


75. 


/JTT 


42 


X 
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22.    Tti^  bate  4  i»  iwed     '  tixsmm  to  cbtAin  the  pmmv  64. 


49.    isi  indas  pl«e&d  in  the  radical  iS^leates 
Is  to  be  tak^. 


76.    Solve  to  foui:  decimal  places 


•    /  hi 

V169 


^23 


ERIC 


/ 


\ 

\ 


22.    3  tixob^ 

16  0)Jl 
V  (1)    4/64  (2)  4/16 

4  X  4  X  4  •  64 

16  X  4  •  64 

} 
f 


49.    What  root 


Lii       .  7       „^  .5384 

76.  •   V169  /169  13 


ERIC 


211- 


23.    Th«  bw  factor  of  thm  power  8  ii  -  base 

la  usad    ti»aa  to  obtain  tha  povar  8, 


SO.    Aa  tha  aiiuara  ,root  la  tha  sK»at  fr^aatly  uaad  an<S  alnca 
tha  aolutioa  of  tha  highir  coota  ia^  baat  and  noraaily, 
parformad  oalttg  logarithM  «a  will  lisdt  tMs  taxe  to  tiia 
aolutlon  o£  aquara  roots. 


77.    Solve  to  threa  dacimalt 


:     /  5 
V  9 


45 


.  ■•ir- 


23.    2  ut«  3  tistrnm.  2x2x2-8 
"        "  4x2-8 

^ou  s\ot  it?    Go  on  to  £saate  24. 

You  didn't  get  It?    S««  £raA«s  9  -  12. 


50.    No  reiponss  required 


.    V  9 


,7    4    5  3 

77.    V  9        *     /TTT     ■  /55«55»55'55 

49  

144/" 655 
576 


1485/  7955 
7425 


14903/  53055 
"  A4709 
8346 


46 
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24.    Whin  mil  f«<?tort  uttd  ia  «  flmlelplicaclcm  «r«         .  tlt*t 


51.    B«£ori  «e  b^n  the  ulution  of  equare  root*,  «•  imuit  know 
tht  ttquATM  of  «ll  mm&msB  I  through  10,    Th$Mm  nmbf  §xm 
called  parfeet  iguar—  and  are  tha  only  nho^*  Htffl^^lf*  ^  ^ 
100,  o£  i^ich  va  pan  find  tha  aaeact  aquara  root.    Haka  a 
tabla  of  tha  nusbara  1  through  10  and  thair  tquaraa. 

Esumpla:    1^  «  1  x  1  •  1 
22  -  2  X  2  ■  4 


78.  As  in  Any  other  mathooatlc&l  operation  ve  have  e  method  of 
checking  our  work.  To  check  the  accuracy  of  a  square  root 
you  auat  square  tha  root. 

12  ' ehaek  12^  •  12  x  12  •  144 
Exanjple:  /I '44 

1  

23/  44 


Solve  and  check  : 


v/5476 


47 


24.  Equal 

'J 


51. 


l2 
92 

fa 

7? 


1 

2 
3 
4 
5 
6 
7 
8 
9 


a:  - 

10^  •  10  s  10  •  100 


1 

4 
9 
16 
25 
36 
49 
64 
81 


7  4 
78.  /54»76 
49  

144/ 


Checik  74 


5476 


2?S 


48 
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^18 


25.    A  PQiff  ii  thi  product  of  or  .  ttqu«l 

nuabttr*.  •  . 


52.    Eaviag  c«mstruct«id  the  table  of  perfect  «qu«nMi  woMmt  the 
following  from  mtnxsry. 

/64  /fs  M- 


79.    Since  all  numbers  are  not  perfect  tquarea  «e  taust  have  a  sieana 
of  checking  those  numbera  iihich  do  not  com  out  evenly.  To 
do  this  ve  aquare  the  root  (before  rounding  off)  and  add  the 
recoainder. 


£xani]|le:  .     /TZ.oe  Check  8.4 

64  X  8.4 

164/  800  336 
656  672 
144     Remainder  7056 

H-  144 
72.00 

Solve  to  one  decimal  and  check: 


49 


??9 


/ 

25.    Tito  or  m>'£m 


52.    8,  5.  9,  7 


8,  6  Check  8.6 

79.         /75.00  X  8.6 

64  516 

166/UOO  688 

996  7396 

104  4-  104 

7500 


so 


Ito 


"Oi*  bi^»«  factor  s>^'ch«  potwr  27  i«  »  11»i> 

i»  uiftd  ....    timui  as  a  factor  to  obtain  th«  pow^r  27. 


ftTit  tf  ff  In  tha  procaci  of  axtracting  dia  squair*  coot 
of  a  auob^r  la  to  jiap_§yi^t«  th«  nuadsar  into  patrioiia  of  fiyg 
digit*  aacb.    Tha  firat  at^  is  axtracting  a  aquara  root  la 
"prapara  tha  ouaibar"  by  dividie^  it  into  „„^^.^..^^.„^  of  ....^ 
 aach. 


51 


26.    3.  3      .  ^  A) 

3  X  3  X  3  •  27 


53.    VeriodB,  Tiro  digits 


52 


ERIC 


ZZZ  ' 


27.    Ttim  ^atXl—t  poailbU  bf»>  factor  of        64  s,s 


Thii  factor  it  uaoii         .  tisM*  to  obtain  tha  poiiar 

64. 


54.    To  saparate  the  nu^ar,  itart  at  tha  dacia^l  point  ami  work 
both  -wava.  plaeiog  an  anontrotiha  (*)  aftar  aach  .Eiio  <ii£ita. 
For  exaspia  the  nuabar  1,600  nould  ba  g^aratad  Into  two 
parioda  I6*CK}.    Safarata  tha  auaber  103,041  into  parioda  of 
two  digita  . 


53 


!1 


ERIC 


27.    2,  6  ti»ti  ^  ?^ 

.    64  -  2  X  32 

64  -  2  X  2  X  16  '  ? 

64  •  2  X  2  X  2  X  8  ^  r)^^ 

64  ■2x2x2x2x4  '  $ 
64  •2x2x2x2x2x2 


GO  B^K  10  PAGE  I  FOR  FH^  2S 


54.  10'30'4i 


GO  B£CK  TO  PAGE  1  FOE  FRAME  55 


54 


-  ERIC 


22^ 


TSx^Bm  ••lf«c«iit  qutt«tio£Ui  ftTtt  provided  to  giv«  yau  practice  in 
usifig  Ch«  infomation  that  yau  hava  laamad  froa  your  atudy  o£  thit 
text,    lha  ancwar  to  aach  writ  tan  quaftioa  ic  iomd  in  tha  fraae 
in  the  taxt  nhara  the  in£omatiott  vac  diecuasad.    Iha  ansi»ara  for 
madiMBatlcal  probl«aa  Duat  be  chackad  by  tha  atudant,  uaing  tha 
check  BMithoda  taught  in  tha  text.    After  e^mtplating  all  tha  quae- 
ticmc,  check  your  vork  by  refering  to  the  appropriate  friDa.  I£ 
you  vadm  an  error  ra*r«ad  the  fraae  and  correct  the  answer. 


QPESTIOHS  FRAME 


1.    A  factor  o£     given  nuaaber  ia 


that  vill  divide  into  that  nuahar  ,  F-l 


2.        eocponent  ia  a  nuiMrical  lyiabol  indicat* 

ing  '  F-26 

3-    A.  radical  drawn  ______  «ad  ua«i  with- 
out an  index  indicatea  •  F-42  &  44- 

4.    A  baae  f^tor  ia  any  factor  lAich  is 


by  ____________^  a  given 


number  o£  times  to  obtain  a  power.  F-17 

5.  Using  exponants  indicate  the  £olIoving 
powers: 

a.  Five  to  tha  aixth  povar  -  „.____«__  •  ^-28 

b.  Seven  cubed  •       .  F-34 

6.  When  an  Index  is  used  with  a  radical  it 

indicates  .  F-43 


7.    Whan  all  factors  used  in  a  multiplication 
are  equal  the  result  is  called  a 


10.    k  square  V€»ot  is  one  o£ 


F-19 


8.  Two  to  the  sixth  power  equala  .  F-30 

9.  Using  a  radical  and  an  index  indicate  the 

fifth  root  of  sixty-five.  F-43 


factors  into  which  a  number  is  divided.  F-38 


55 


ERIC 


.^25" 


CQIffSHONS  Cont^d)  FRAME 


11 «    Indle«te  uilng  nt^ar  1  through  S  the  proper         F-51  thru  60 
■equsnca  £or  the  followixtg  operatiout  i^cc 
extractlsg  a  iquire  root. 


1 

A. 


«.    Divide  the  ri^udader  by  the 

divisor  i 
b.    Find  the  largest  perfect  square  iriiich  is 
less  than,  o4  equal  to,  the  first  period 


c.    Detenaine  the  trial  divisor 


d.    Find  the  £inft  rtraainder 


e.    Separate  the/ number  into  periods  o£  tvo 
digits  each 

12.  Square  all  nt^t^ers  1  through  15.    Check  your 
vork  by  dividing  by  a  factor. 

/ 

a.  1  X  1/-  i. 

b.  J. 

c.  k. 

d.  1. 

e.  m. 

f.  n. 

g.  o.  ^ 
h. 

13.  Solve  and  check  the  following  problems  to 
two  decixoals. 


a.  /288 


c.    vie  d.    /1. 526 


e.    /.  05632  ^^f) 


56 


Iha  sidM  of  a  plane  triangle  ar«  'ao  related  that  any  three 
given  p»xta,  at  leaet  one  of  them  being  a  eide>  detenoine  the  shape 
and  siie  of  die  triangle. 

Geometry  shows  us  how,  from  three  such  parts,  to  CONSTRPCT  the 
triangle, 

TIC^GONCMETRy  shows  us  how  to  compute  the  unknown  parts  of  a 
triangle  fr^o  thC'  amiArical  values  of  the  given  parts. 

Geometry  shows  in  a  general  way  that  the  sides  and  angles  of - 
a  triangle  are  actually  dependent.  .    '  V 

TrigonoQietry  starts  by  showing  the  exact  nature  of  this  depen- 
dence in  the  SIGHT  TSIAMSLE,  and  for  this  purpose  ea^loys  the 
RATIOS  OF  TSE  SWES, 


r 


la.    The  shape  of  any  triangle  is  detemiaed  by  any  ' 
givan  parts,  at  least  one  being  a  . 

lb.  shows  us  how  to  construct  the  triangle. 

Ic.    Trigonoiaatry  teaches  us  how  to  '  fot  the  unksioitn' 

parts  o£  a  triangle. 

Id.  To  show  f^e  nature  o£  the  outual  dependency  o£  sides  and  angles 
in  a  right  triangle  trigonometry  uses  ^e  of  «3se 


f 

la.    thr«e,  aids  ^ 
Ih*  G«m»try 

Id.    ration p  sides 


1 


i  • 


\     2.    In  ordar  to  k««p  th«  labeling  of  the  various  partii  of  tri«ogl«a 
•\  con»l»t«at,  w«  label  th«  aaaglM  In  capital  lattara  CA,B,C>  and  the 
\  aldaa  in  lowar  case  lattara  to  coincide  with  thair  op{}osita  anglaa 
(a^b^c). 

Nonnally  wa  label  the  right  angle  as  C  o&aking  the  aide  opposite  the 
right  angle  c.  # 

Aleo,  in  right  triaoglea  the  side  opposite  the  right  angle  is  called 
the  hyi;K>tenuse. 

Given  right  triangle  ABC  label  ;iie  sides  and  anglea. 


ERIC 


. .  e  


Z3Z 


3.    lha  angla  opposltn  side  b  is 


> 


2'3 


ERIC 


P4 


!  1 


ERIC 


4.    Th«  Pythfigorttan  Iheor«EB  states  that  the  sua  of  tha  squaraa  pa 
tiia  Bidet  of  a  right  triangla  it  a^iual  ,to  tha  tquara  ott  tha  . 
hypothtoauta. 

Utixig  our  at tablithad  istthod  of  lattaring  of  tha  parts  of  a 

right  tri«x>gl«  wa  can  itata  that       *  j 

and  c   ' 


ERIC 


235" 


•  ( 


4.  c 


2  .  a2  +  b2 


\/5  tb2 


c 


7 


ERIC 


5*    Using  the  eajse  theoresa  ve  can  state  tl  at  b  • 

a  «■ 


and 


10 


ERIC 


r 


c 


t  » 


238 


i 


6.    In  right  triangle  ABC;    a  •  6,  b  »  8.    What  is  the  value  for  c? 


D 


219 


12 
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.  c 


23^ 


6.  10 


\ 


9  " 
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7.    In  right  triangle  ABC;    c  -  10,  b  «  6.    What  is  the.  value  for  a? 


251 

14 


ERIC 


7.  8 


o .-J 
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8.  In  ord«r  to  facillcafcs  «a«y  rd£ttr«x£C8  to  the  various  functions,  ^ 
Trigonoattry  user  the  foliating  ratio  designations : 

a.  The  ratio  of  tbe  side  opposite  to  the  hypothenuse  is  called 
the  sine  (sin). 

b.  Ilhe  ratio  of  the  adjacent  side  to  the  hypothenuse  is  calleMi 
the  cosine  (cos). 

c.  The  ratio  of  the  opposite  side  to  the  adjacent  side  is 
called  the  tangent  (tan). 

d.  Ihtt  ratio  o£  the  adjacent  side  to  the  opposite  side  is 
called  the  cotangent  (cct). 

e.  The  ratio  of  the  hypothenuse  to  the  opposite  side  is  called 
the  cosecant  (esc). 

r 

£•    Hie  ratio  o£  the  hypothenuse  to  the  adjacent  side  is  called 
the  secant  (sec),. 


16 


8.  (Blank). 


ERIC 


/  The  rfttio  o£  the  opposite  side  to  the  adjacent  side  is  called 
'  the  . 


255 


18 


10.    The  coaine  is  die  ratio  of  th«  to  the 


20 


V 


Z4-7 


10.    adjacent  -  hypochenuie, 


/ 


21 
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j 

11.    The  cotangent  is  the  ratio  of  the  •  to  tho 


^ 


22  / 


11,    adjacmit  -  opposite 


9 


•  ( 


1 


Z5"0 

12.    In  trigonometry  we  call  the  various  ratios  ' 


12.  Functions 


•  ( 


13.    Let  us  look  at  a  properly  drsvn  and  labeled  right  triangle: 


and  using  the  letter  designations  of  the  various  parts-i  set 
the  fonuulas  for  the  different  functions  of  the  angles.  \ 

sinA  -  sinB  - 

cosA  -  cosB  - 

tanA  -  tanB  * 

cotA  "  cots  " 


( 


13.    slnA  -  ^  ainB 
c 


cosA  <■  ^  cosB 


tanA.  »  ^  tanB 
b 


cotA  »  -  cotB 


27 


14.  looking  at  your  snswera  to  the  preceding  qufistibn  (13),  coiopari 
the  different  functions  for  angles  A  and  B.    You  vfill  find  out  tiiat 


8inA  ■  B 

cosA  ■  B 

tanA  •  B 

cotA  »    B 


ERIC 


14.    sin  A  •  cos  B 


cos  A  "  sia  B 
taxk  k  ■  cot  B 
cot  B      tan  B 


•  c 


1^ 


29 
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15.  la  Gtisooetry  ve  learned  that  Che  ■uia  o£  all  angles  in  any 
triangle  is  180°,  and  that  a  right  angle  has  90°. 

We  can  therefore  state  that  the  suxb  of  angles  A  and  B  is 


2'77 


30 


« 


15.  90«». 


✓ 


31 


FRir 


Z^8 

i) 


16.    We  can  also  state  that  sin  A  -  cos  (90®  -  ) 

cos  A  -  sin  (90°  -   ) 

tan^A  -  cot  (90°  -  ) 

•   aad  cot  A  -  tan  (90°  -  > 


ERIC 


o  c  n 


32 
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16.  sin  A 
cos  A 
tan  A 
cot  A 


cos  (90° 

sin  (900 

cot  (90° 

tan  (90° 


-.A) 

-  A) 

: 

-  A) 


\ 


33 
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17.    lin  ^  Yo  "   I  ■  0'^^ 


cos  A       "   ^  •  0.80 
10  5 


tan  A   ^  m   1  «  0.7^ 

8  4 

cot  a     S.  m  ik  m  1.3333 

6  3 

and'of  course,  B  «  0.30 

cos  B  «  0.60 
tan  B  -  1.3333 
cot  B  -  0.75 


35 


24, 


18.    The  values  obtained  in  the  preceding  ansvers  are: 
&.    arlthnifitical,    b»    logarithmic  values  for  the  v^iaus 
functions,     (croa^  out  one) 


US 


18.  ft-iithm^ticai 
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19.     SELF  TEST 


a*    The  FythagoriiSian  Theory  tells  ue  that 


,2  - 


and  « 


b«    The  ratio  o£  tiie  opposite  side  to  the  hypothenute  is 
called  the   

The  cosine  of  angle  A  »  ^     (use  sides  a,b, 

and  c). 

d,     sin  A  «  cos   , 


e.  Given:    a      4,  b      7.    What  is  the  value  £or  tan  A? 

f.  Given  \a  »  12,  c  ■>  32,  what  is  the  value  for  sin  A? 


19.    SELF  TEST 

a.  «^  ■  - 

c2  -  + 

b.  sine 

c.  b 
c 

d.  cos  (90°  -  A) 

•       e.  4 

7  or  .57143 

f.  ^ 

8  or  .3750 


Z4^ 
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20.    la  order  to  determine  the  angle  of  a  triangle  when  ve  are 
given  Che  austerical  value  of  its  fijnctlon,  ve  need  a  table  o£ 
Natural  Trigonotgetric  Functions,    There  are  many  such  tables  but 
ve  shall  discuss  only  those  published  in  XH  5-236  (Table  III). 

I£  ve  look  at  the  p^es  of  these  tables,  ve  see,  at  the  top, 
the  degrees  (°)  columns  for  sin,  tan,  cot  and  cos.    I£  ve  read 
the  degree  on  top,  we  use  the  coluoais  on  top  of  the  page  and  the 
minute  (*)  colussi  dgtya  the  left  side  of  the  page.    This  procedure 
is  valid  for  angles  up  to  45°.    For  angles  over  45°  (45°  to  90°), 
ve  read  and  tise  the  degree  and  fu*^€tion  columns  on  the  bottom,  and 
use  the  minute  column  going  up  the  right  side  of  the  pag^.  Between 
the  functions  coluimis  b.re  the  columns  listing  the  differences  per 
one  second  (d")*    %i8  difference  per  second,  cailtiplied  by  the 
nus^er  of  seconds  above  the  listed  angle       and  *)  is  added  to  or 
subtracted  from  this  listing  —  added  when  dealing  in  sin  and  tan, 
where  values  increase  as  the  angle  increases ;  subtracted  vhen 
dealing  in  cos  and  cot,  vhere  values  decrease  as  the  angle  Increases. 
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^    .  4 


■  I 


20.  (blank) 
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21.  Let  us  aow  look  up  the  natural  fimctions'of  a  few  angles 
(using  the  tables  in  IM  5-236).    We  find  that  the 

sine  of  17°  -  0.292372 

cos    of  17°  -  0.S563O5 

tan    of  17°  »•  0.305731 

cot    of  17°  -  3.27085 

Also       fiin  24°  20'  -  0.412045 

sin  24°  20'  15"  -  .412045 

±  66  (4.42  X  15  -  66.3) 

sin  24°  20'  15"  »  0.412111 

Now  find:    sin  33°  10* 
tan  36°  20' 
sin  39°  28'  33" 
tan  44°  32'  27" 


42 


r 

21.    sin  33°  10'  -  0.547076 

can  36°  20*  «  0.735469 

sin  39°  28 »  33"  -  0.635753 

tan  44°  32*  27"  «  0.984099 


m 
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22.    Find  the  following  values: 
sin  4?o  25' 
ain  54°  32'  28" 
tan  74°  10'  20" 
tan  84°  15'  10" 


m 


^  27 


22.    sin  47^  25'         -  0.736294 
8ln  54°  32*  28"  -  0.814532 

» 

tan  74«'  10«  20"  -  3.527397 
tao  84°  15'  IQ"  -  9.9359 


45 
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23.    a.    As  stated  earlier:    The  valutas  of  the  cosine  and  cotangent 
functions  decrease  as  the  angle  Increases.    Let  us  now  look  up 
the  cosine  of  27°  15*  30".    We  find  cos  27"  15'  to  be  0.889017. 
rtie  cos  27°  16'  is  0.388384  (or  133  leag  than  the  cos  of  27^  15'). 

Now  we  put  down        cos  27°  15'  00"  0.889017 

-  difference  for  30"  (30  x  2.22)  z  §L 

Hence  cos  27°  15'  30"  0.888950 

The  same  procedures  are  followed  when  detertaining  cotangents. 

b.    Find  cos  29°  20'  10" 

cos  74°  15'  15" 

cot  89°  15'  30" 

cot  42°  22'  20" 
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23.  b.  cos  29°  20'  10"  -  0.871760 
cos  74°  15'  15"  -  0.271370 
cpt  89'^  15'  30"  -  0. 012945 

cot  42°  22*  "   '  «  1.096207 


47 
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24.    SELF  TEST 

Find  the  value  oi  the  to? lowing  functions : 

a.  sin  36°  15'  00" 

b.  cos  38"^  22  •  00" 

c.  tan         28'  00'^ 

d.  cot  54°  36'  00" 

e.  a in  28°  45'  10" 

f.  tan  75°  29'  15" 

g.  cos  52°  38'  20" 

h.  cot  10°  10'  10" 


-  4 


24.  .  SELF  TEST 

a.  sin  36°  15*  00"  -  0.591310 

b.  cos  38^  22'  00"  -  0.784055 

c.  tan  47®  28'  00"  -  1.090035 
.  d.  cot  54°  36'  00"  -  0.710663 

e.  sin  28°  45'  10"  "  0.481031 

f.  tan  75°  29'  15"  -  3.86324 

g.  cos  52**  38'  20"  -  0.606837 

h.  cot  10°  10'  10"  -  5.57483 


2% 


25.    We  learned  earlier  that  the  ratio  of  the  ■  side 

to  the  is  called  the  Bine  of  the  angle.' 


\ 


■A' 
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25.    opposite  -  hypothentase 


ERIC 


26,  Va  Also  iMxxittd'that  t±a  r«tio  of  tbm  opposite  side  tx»  the 
^jftcent  sids  is  called  tii*  of  ths  aagi«  axid  that 

ehtt  ratio  of  eha  adjac«sit  side  to  tiie  bypothsnuse  is  callad  tha 

of  the  angle. 


\ 


2Sn 


52 


2'J<) 
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\ 


2?«    In  computing  for  tht  ftmc^ioa  of  an  sxigle  we  arriva       the*  . 
arithmetical  value  for  that  function.    It  now  becotaea  aecaaaary 
to  convert  liiis  value  to  the  sise  of  the  ang^e. 

We  may  end  up  by  arriving  at  0.244461  at  the  value  for  the 
sine  of  angle  A.    We  now  enter  our  tablet  of  Natural  Trigonometric 
Functions  and  under  tiie  tine  eoliom  look  for  0.244461  and  find  the 
angle  that  corresponds  to  this  value  to  be  . 
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Z8I 

*  • 


4 


/ 

28.    lifh&t  angle  is  detttnsincd  tf  ics: 


•3 


a.  Bine  -  0.344752 

b.  -cos    «  0.868920 

c.  tan    •  0.854081 

d.  cot    "  0.988432 


/ 


1^ 
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.  .r 
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28.    a,  20°  10' 

.    -  b.  29°  40* 

c.  40°  30« 

d.  45°  20* 


29 1 

57 


1 


29     v«  look  tor  0,876312  and  find  0.876307,  th«  rmzt  IsSSi.  auob«r. 
So' our  aagU  if  gra«t«r  than  61<*  t2  *  but  le»«,  th«n  61**  13'. 

.  The  ais»  of  61°  12*  «  0.876307 

-      our  uism  -  0.6763X2 

or  5 

In  tai«  di£f«r©oce  coluna  if«  fiad  a  dlf£«r«ic«  of  2,33  par  •«cond. 
So  -  2"  for  6h«  5  differ«nc«.    Our  «ngl«  thea  h*i  to  l^* 

2.33  ^  * 

610  12 »  +2"  or  61®  12*  02". 


\ 
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59 


so.    Giv«ii  CO*  A  -  0.480380, 
find  k  m   . '   .  J..  . 


281 


30.    Looking  for  0,480380  in  th«  cot  cyalyaaa.^  w«  fi»d  0.480479  as 
th«  vmlxm  nwct  «bo^«  our  v»lu«.    (SMMnOHilf  tfat  coBixm  d«cr«A«ts  »» 


Hi*  «iSi«^ich  goes  with  0,480 
0.480479  -  0.480380  »  99. 


I 


79  if  61°  17'.    1h«  diff«r«ac« 
atigltt  ^  «&d  61®  17'  it 


-  23.2".     Sa,  ouir  angl«  U  ^l^  17'  23". 


4.27 


4  - 


2^S 
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V  31.    Fixid  aaglt  A  1£  its 


■ina 

0.870394 

cos 

m 

0.743643 

c. 

to*? 

1.8217.62 

d. 

cot 

1.393268 

r 


28  8"^  " 


# 


299 


r  62 


4  t 


31,    «.  6tf*  30/  16" 

b.  4lO  S7'  25" 

c.  61°  13'-  S3" 

d.  35«»  m*  06" 


r 


63 


32,  Itofu  lot  uf  put  togtthar  til  v  Xtarnad  ood  start  to  coospute 
•oaitt  r£|^t  triangle*;  Glvasi  ri^t  trlrngle  ABC  with  A  •  38°  SO* 
and  a  -  311,  tolva  the  triaxsgla. 
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32, 


z<=ii 


if- 


A  •  38''  50* 
a  -  311 


.  b 


B  -  90°  -  A  -  90*'  -  38®  50»  •  51°  10* 

a in  A  •  a  therefore  c  «  a 

c  sin  A 

tan  A  ■  a  therefore  b  <■  a 

b  tan  A 

c  -  311  7  0.622515  -  499.59 
b  -       311       -  386.34 

o.aoU979 


/ 
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/ 

/ 


33.    Sclva  the  right  triangle  ABC  in  vhich  4  «  66^  30'  aod  c  «  700. 


.-.4f' 


\ 

303 
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33, 


Given:    A  -  66°  30» 

c  -  700 
Flad;     B,  a,  and  b. 
B  -  90*'  -  A  •  90®  -  66  3|(»  «  22! 


sin  A  »  a  th«r»£or«  a  «  c  Sin  A 
c 

cos  A  «  b  therefore  b  ■  c  cos  A 
c 


a  -  700  X  0.917060  -  641.94 
b  -  700  X  0.398749  -  279.12 


B  •  23  30'  ans. 
a  -  641.94  ans, 


b  -  279.12  an8. 


391 


34.    Given  B  ■  81°^  c  -  90,  solve  the  right  triangle, 


305 
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A  «  90°  -  B  -  9° 

sin  B  -  ^  ,  therefore  b  -  c  sia  B 
c 

cos  B  "  ~  ,  therefore  a  -  c  cos  B 
c 


b  -  90  X  0.9876|8  -  88.89 
a  -  90  X  0.156143U  -  lU.OB 

A  "  9°  ans  . 
b  -  88.89  ana. 
a  ■  lli.08.  ans. 


.A 


0 


35.    Given  a  »  3872,  c  «  4X05,  solve  the  rl^c  trlaogU. 


a 

ERIC 


30 


c 

70 


m 


0 


35,  A  -  70°  36*  10" 
B  •  19°  23*  50" 
C  - 


1363.33 
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36.  In  Gftfxoetry  we  X«amad  tiiat:  "when  |>«rallel  lines  &re  cut  by 
a  tranivertal,  the  alternating  interior  angles  are  equal." 


Thus; 


4  /3 


4xigXe  I  «  dngle 
Angle  8  ■  ^^le 


(Also  angle  1     angle  3;  angle  2 
and  angle  6  ■  angle  8) . 


angle  4;  angle  5  «  angle  7; 


30^ 
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36.  7;2 


4 


/ 


r 
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37.  lay  thmt  «a  «agi*  of  •Uvatioia  it  mMWured  fryg  th» 
hyr^gokal  up  *xid  an  anglf  of  BeprMSlon  ttm  S^^^UW^'il 

Thii  woiiid  giv«  us  ft  tkatt^h  tinilarNtp  this: 

1  ' 


horizonf  I 


Angle  o£  ttlsvatloQ 


AsisI*  of  d«|ir««sic»Qi 


1^ 


From  vh^t  w«  hav«  leamsd  la  the  preceding    panel  ve  cm 
state  that: 

\  .     «^  .  . 

Angles  of  elttvation  ■  angles  j 


and  angles  0f  depression  «  angles  of 


0 


i 


311 


i  •   ,    ■       •  ■  ' 


30Z 


38.    X£  «  CAlcuXmtat:  It  «v«il«bXtt,  <;oiB{»utlng  by  us«  o£  ltetur«| 
FuQCtlmui  li  ci3iBpuF«tiv«ly  my.    To  usft  m  r*l«clvftly  ■ItBpU'owtisod  ^ 
o£  CQtt(mtiiig  «h«a  no  ,c«lc'yil«tor  !•  AvmilabI*  «•  '^^'^  lognriClimiiiL 

You  havtt  had  coi^utatioac  by  us«  of  logarltbmi  in  oeh«r  Imsocs. 
You  mmt  g«t  ftcquattttcd  with  ths  ut*  (%£  log«rithmf  oi  Simctiosf, 


Logarithfiui  of  Fuactiosui  uehb  m«raly  chti  log*rlcluas  of  thtt. 

-   •  V 


d£££ftr«Bt  nuMrlcftl  fuactioxw  o£  aogles.  ^ 


To  •stftbUsh  this  £act^Iirt  the  &aiovl5i£: 


313 
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39.    The  logarlchm  of  0,500000  » 


• 


31 

\ 
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40.    The  log  «in  30  « 


3L7 


80 


3 


AO.    9.6989700  -  10 


(So  we  can  see  that  the  log  o£  the  function  is  oarcly  the 
log  o£  the  value  of  the  natural  function). 


ERIC 
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41.    la  &  quick  review  of  operations  u»iag  logs,  we  can  state  that 

whttn  multiplylag  we  ^o£«« 

when  dividing  w«    the  logs. 

when  raising  the  power  we  tlie  log  by  the  exponent, 

when  extracting  a  root  we  the  log  by  the  exponent. 


82 


3o^ 


41 «  add 


subtract 
mul tiply 
dlvldo 


m 
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42.    Using  logarithms,  solve  Che  fallowicg  right  triaogl*: 

Given:    A  -  65°  30',  a  «  742 


/ 
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31 


ft  m  742 


log  a  (742)        -  2.870404 
log  Bin  65°  30'  -  0,959023 
log  c  -  2.911381 
c  -  815.42 


Given:    A  -  65°  30' 

a  -  742 
B  -  90°  -  A  -  24°  30' 

tin  A  ■  ^ 
c 


c  «■ 


turn  A  ■  a 
b 


tan  A 


log  742  -  2.870404 

-  log  tan  65°  30*  -  0.341296 
log  b  -  2.529108 

b  -  338 . 15.  , 


* 


3?;; 
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43. 


log  555  -«  2.74A293 
♦ 

-  log  cos  38°  40'  -  9,892536 
log  c  -  2.851757 

c  -  710.82 


Given:    A  «»  38*^  40* 

b  -  553 

Finds      B,  a,  and  c. 

g  .  90*3  -  SS"*  40*  -  51**  20' 

cos  A  ■  Is,  tin»r«£or«  c  ■  h 

c  COS  A 

taa  A  •  a  tber«£o£«  a  «  b  t«a  A 
b 

log  555  -  2.744293 
log  tan  38®  40'  -  9.903197 
log  a  »  2.S47490 
a  -  444.11 
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44,    Xq  right  tri«agi«  4BC»  givtta  «  •  258;  c  m  400,  iixi4       B,  md 


3?f) 


88 
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44. 


3 


em  400 


•in  A  ■  Ji»  258 

c  400 

cos  A     b  tharttforti  b  •«  c  cot 

a»  ■ .  .  .  ^ 


I 


^   B  •  90°  -  A 


(Utsixig  Vsga  7  plactt  LogarichiBic  T«bl«i) 
log  258  •  2.4116197  log  400  »  2./6020600 

log  400  •  2.6020600         .  +  log  com  n  9.8831980 

log  sin  A  -  9.8095597  log  b  -  2.4852580 

"    A  -  40Q  9'  5^"  b  " 
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FIML  2EST 

,  ^  45.    Do        following  problasui:      ;  ^ 
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a.  1h«  «ngl«  of  elavatlcm  of  th«  top  of  tba  Los  Ang«I«s 
City  Hall  froa  &  point  on  the  ground  904  £«•&  frora  its 

How  his^  U  ^tt  building? 

b.  Hid  ttOgXtt  of  ttlttvation  of  «  laidd«kr  ,Itt«ning  «g«in«t  a  wall  - 
la  I'P,    Tha  foot  of  tba  latt:«r  it  1.8  f«at  froa  tha  wall. 

How  long  is  the  ladder?.  '  ' 

c.  From  a  point (a)  on  top  of  a  cliff  that  is  160  fa«t  above  * 
sea  level p       th«  angle  of  depression  to  &n  anchored  row- 
boat  (bJ  is  14°  50*. 

Find  tha  length  of  the  line  of  sight  AB.  » 

d.  In  right  triangle  ABC,  A  ■  42°  30*,  and  c     148.75.  '  - 

•    e.    In  right  triangle  ABC,  B  •  63°  23'  52"  and  1001.1. 

Find  A,  a  and  b.  > 
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45.    FINAL  HEST 

a.  463.93  feet 

b.  S.O  £e6t 

c.  ^24. 98  fttet 

d.  B  •  47**  30';  a  «  100.49;  b  -  109.67 
:    km  26®  36  *  08";  a  »  448.29;  b  -  895 . 12 


5^ 


FRir 


/ 


/ 
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H:   cUosaasy  of  lfek]^^dagy  Ghsrtias  aM  Geo^tic  ^Dedmlcal  Terms 


QBJSdTVE:   111  &  c2AssrocB  ftiailAtizsg  &  cartograpbic  vork  area,  the 
studeot  will  be  able  to  cjcfine  the  aapptog^  chartlog 
aoa  geodetic  tcrhniml  tezms  tiiat  lae  vi2X  eocoimtftr  la 
t£ui  mp  pxooess  in  ac<Kxrdazice  with  tbe  QOD  Qloasary 

o(f  Iftbi^iag,  CSssrUsg  8i3d  Geodetic  a!toi&8r 


XESSON  oymKS: 

^     1.    l>eflne  Utechnlcal  TSersMS. 


STUDSST  NOTE: 

\ 


SLttfliSABY:  tM«  les&oa,  you  have  been  introduced  to  the  Glossary 

of  Mas^iog^  diartiac  aod  Geodetic  ^technical  Terms.    Siis  Annex  wiH 
be  a  valLiable  aid  to  you  in  order  to  perfora  your  duties  as  a  mp 
cdspiler  or  cartc^rHiSiilc  draftsjsan* 
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GIX)Sa^  OF  MAFEENG,  CHAHimjG  AND  GEOI^TIC  "ZEOmiCAX.  1 


2s 


ACCURACY 


AEROKAUTXCAL  CHABT 


AIR  BASE 
AIR  STATION 
AliEIMETSR 


AlimmiE 


AKAGLTPH 


AIKJLE  OF  OOVERAGE 


APPAREIiT  BDRIZON 


See  OrientatipQ. 

Degxee  of  confoormity  with  a  standard. 
Accuracy  relates  to  tbe  quality  of  a 
result^  axKx  Is  dlstiiagolsised  froa 
ysrcclsism  which  mLa-&es  to  tbe  quaXity 
of  Tefixusmxxt  of  the  operation  by 
which  tkm  result  is  oDtalaed. 

A  oap  essentially  designed  for  the 
aviator,  shovizig  ohstructtoiB,  aids 
to  oavigatioii,  and  o'Uie^  informtion 
to  assist  the  aviator  in  navlgatlai. 

Ihs  line  Joining  two  air  statloxis. 

(Also  see  Air  statlcm;  Csraera  station) 

ISse  caaera  station  for  an  aerial 
photograph. 

An  instrument  which  utilizes  relative 
pressure  of  the  atmosphere  to  indicate 
tt^  vertical  distance  above  a 
specified  datum  plsi^. 

Vertical  distance  shove  the  datumj, 
usually  Bifffm  sea  level,  to  an  object 
or  point  in  space. 

A  lecture  printed,  or  projected  in 
coorplaaentary  colours  and  combining 
the  two  i:.ages  of  a  stereosco|dc  pair, 
and  which  gives  a  stereoscopic  ima^ 
when  view:    -ihrough  spectacles  having 
fxlters  of  corresponding  coinplejnentary 
colours.    Bse  seiae  effect  can  be 
obtained  by  using  polarized  light 
and  filters. 

The  rw*v}jnim  an^lf*  Subtended  at  a  Ijens 
by  light  raysi  lorsning  the  Jisage. 

See  Horizon. 
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AZBtlTS&L  WlOISmirr  EfOJECHON 


BAK  SCALE 


BABOI-ETER 


AKESOID  BAi^DHETER 


Adaitlonwl  ccmtourS;  ususlO^  flhovm 
by  brokea  lines,  iaterpoXated  between 
the  contours  nornwlly  s£iown.  The^^ 
&re  uRisUy  sisovn  to  incdcate  signi- 
ficant topogmpbic  fosaatloQS  vblch 
cculd  not  be  siiovn  by  the  basic 
contour  interval. 

The  angle,  neamired  clockwise^  in  a 
fOa^  tangent  either  to  the  spheroid 
or  to  tlie  g4oid,  between  a  neridian 
and  &  point  projected  cmto  the  pilaQe* 

A  radial  Hue  fron  the  prlnclpfcX 
poiat;  isoctsnter^  or  nadir  point  of 
a  photo^mph,  representing  the 
direction  to  a  alMlar  point  on  an 
adjacent  photograph  in,  the  saw  line 
of  flight,  used  ertensiveiy  in 
radial  triangulatioK. 

iln  zzKqp  pm^ctioa  on  ^d;dch 

straight  linns  radiating  frw  the 
center  or  pole  of  pgpojectiasi  repre- 
sent great  circles  ia  their  true 
a^-fTHt^4titfi  frm  that  ceziter,  and  lengths 
aloog  those  lines  are  of  emct 
scale.    IHiis  projecticm  is  neither 
equal-area  nor  ccmf  oxml* 

A  line  or  systasi  of  parallel  lines  , 
divided  at  specified  intervals  to 
indicate  distances  cm  the  mp*    Xt  Is 
cufitcaaarHy  a  part  of  the  laarginal 
inforaaation. 

An  Instrusisat  for  meaiisiring  the 
pressure  oi'  the  atmosphere. 

A  thin,  hoUow;  corrugated -aaetal 
box  vhlch  changes  foxia  vlth  changes 
of  air  pressure,  thereby  affording 
a  loeans  of  laeasunng  atmosp^ric 
pressure. 
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'Sae  Hue      the  photcgras^  compacting 
tlie  indicated  positions  of  two 
camera  statloas.    ^Sijbea  apxCLled  to 
tJse  mlUpOjex,  tijc  iiJae  coimectiag 
tise  lens  oodes  of  adijaceat  nultipljex 
projectors.    CSorresponds  to  and  is  a 
xalni&ture  reporcsentatioa  of  tlie  air 
base. 

See  Hap. 

An  accurately  established  elevation 
point  of  third  order  accuracy  or 
better,  defined  oa  the  s«p  by  a  black 
sas^ixck  cross*   A  aorairapnted  bench 
im^  is  one  narlted  by  a  tablet.  Sie 
^^g^ibol  ii^  lab^ed  A  noiajacmiaen- 

ted  bends  icsdc  is  osie  zaarlsed,  but 
not  by  a  tablet.  (See  also  Control.) 

Stoiltaaeous  vision  vith  both  eyes. 

An  obtsii^  by  coating  a  surface 

with  a  light-seasitive  izroa  salt  which 
decomposes  vh^  exposed  to  a  brilliant 
li^t.    £}cpos€Ni  areas  turn  blue  vhm 
developed.    OSie  blaeline  is  nonphoto- 
gra|iiic  under  control  1ptd  photographic 
processes. 

An  iaaa^  pa'ocessed  in  nocphoto^raphic 
blue  on  a  high  qjoality  drafting  sur- 
face vhich  has  pcreviously  been  tsaunted 
on  a  rigid  (stablje)  aaterial. 

See  Marginal  data. 

The  extension  and  ad^staent  of 
photograisnaetric  surveys  between 
bands  of  grooi^  control. 

To  polish  by  friction  with  an  instru- 
ment of  bone,  glass  or  steel. 

The  ratio  of  fli^t  altitude  to  con- 
tour inter^'&l  which  aay  be  compiled 
with  90  percent  of  elevations  inter- 
polated from  the  contours  accurate 
to  within  one -half  the  contcsir  inte-'-mi. 
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CAmiSVER  EKHESSION 


CESimL  MERIDIAN 


OASSIFECmON  SUKVEY 
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axe  act  or  process  of  detersaiag 
certain  specific  ineaAiremeats  in  a 
(xamvBLg  or  otbsr  instrusDent^  for 
cocipftrisoa  vith  a  staodard. 

A.  daaabmr  or  box  vitMn  the 
isijges  of  exterior  objects  ar& 
projected  aod  recorded  on  a 
seositlsad  surface. 

The  point  in  space,  in  the  air  or 
oa  tbe  groitxid^  occupiod  by  tSie  caaera 
lens  at  tae  saoaest  a?  exposure. 

Qie  extension  of  a  strip  of  ^loto* 
Ip^liis  by  pisoto£r''ftaasetricaX  netluids 
frca  a  cootrolled  area  to  aa  area 
vith  no  coatrol.  (See  al3o  MoltlpSiex 
trianguOatioa;  Bcdlal  tnanguli^tion) 

Hut  scieace  or  art  of  expressiog 
grapixicaIXy,  by  means  of  s&ps  and 
char&s,  t!ie  knotm  piiysical  features 
of  the  earth's  Kirface  and  the  vorlcs 
of  mn  and  his  varied  activities. 

ae  line  of  longitude  occupying 
the  center  of  a  projection.  Gene- 
rally tit&  basis  for  ccmstructiag 
the  projection. 

The  process  of  comparing  aerial 
photographs  with  conditions  as  they 
exist  m,  the  ground        of  obtaining 
infonaation  to  supptl^enent  ^  clarify 
that  which  is  not  readily  discernible 
on  the  photogra^s  themselves. 

Separation  or  isol^ticm  of  the 
several  colours  of  an  original  copy 
into  individual  images.  Scribed 
plastic  sheets  prepared  individually 
for  specific  colcmrs  become  separa- 
tion negatives,    Hiots^ra^s  of  these 
blueliiie  boardis  produce  cclcxir  sepa- 
ration negatives. 
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ODMPOSITE  PRUJT 
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OONTOUR  tmp 


!ISse  process  of  extracting  zaap  <ietaiX 
frcsK  aerial  piiotogra|iiis  and/or  other 
sources,  to  fit  a  coatrol  network 
in  tiie  preperatiofi  of  a  sap* 

Keproductioii  from  a  successive 
series  of  isaa^es.   A  pro^  nasSe  by 
exposiog  ttw  oegatives  of  calor- 
sep&ratioa  boardiS  ooe  oTt&r  ti^  otb&r 
oa  a  slQgls  sheet  of  "bl&ek  aod  vhite 
or  blueprint  plu^to  paper  which  when  ^ 
developed  "casposes**  or  contaitts  the 
ing^s  of  all  the  negatives  m  a 
singlje  sheet.    Used  i!\  checking  a&d 
editing » 

Ab  Ismsinary  line  connecting  the 
poixrts  cm  a  laiid  s>irface  that  have 
the  S89e  elevatiCMi  also  the  line 
represehting  this  on  a  oap. 

She  cQOStaixt  dlf  f  ereace  ia  elev^^tioa 
between  successive  coiitours. 

^  Map 

A  system  of  relatively  accurate 
sa^asurcssBexits  to  detezslcu^  tim  dlstan** 
ces  axkd  dirsecticms  or  differences 
la  elevaticm  betveen  points  on  the 
earth,  uuon  ^^lich  depends  a  system 
of  lesser  accuracy* 

(i)ntrol  estabiiste^  by  obsermticn 
upon  heavenly  bodies* 

Control  which  taSses  into  accouiit  the 
size  and  shape  of  tl^  earth;  l«e« 
system  of  points  of  known  latitude 
I^^i^tude  and  elevation* 

Control  obtained  by  ground  surveys 
as  distinguished  frofia  control 
obtained  by  ^oto^raiaaeiirlc^iaethads* 

Control  vhich  detennines  horizontal 
positions  only  J  as  u±th  respect  to 
parallels  and  meridians  or  to  other 
lines  of  referenct** 
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cxlstiESg  coatxtJi  by  bjri^iiSii  oi-  ;.y 

Co&tmL  previously  esta'bXia^d  frosi 
otiier  sourois,  vMch  can  be  identi- 
fied. 

Control  which  detemdnes  poisiUoa 
with  respect  to  elevations  only. 

Aa^  statiofs  la  a  bcarlsontal  fiii^or 
vertical  c^trol  syatea  that  18 
IdemtlTied  on  a  ^lustogreph  and  u«ed 
for  carrelati2£s  the  data  ahavn  oa  it. 

See  Mosslc. 

T,fr^w^r  or  oQgular  ouaatxtxeft 
(usually  tvo-diaenslox^al)  wiiiGb 
designate  tbe  positloQ  wM.g^  a  poiat 
occupies  ia  a  given  reference  pLdoe 
or  system. 

A  pl^uoe  rectaogulAT  coo^^iloate 
system  based  upon,  and  ssatbeaatiraLly 
adjusted  to  a  m.p  pro^ction  in 
order  that  geograsiiic  positions 
(latitudes  smd  longitudes)  readily 
jssy  be  traosf  oroed  into  plane 
coordinates  tmd  ^^is^tatlomi 
relating  to  th^  by  ti^  ordinary 
raethods  of  plane  surveylzig. 

A  system  of  coordinatefc  ia  a  iwrlzon- 
tal  plane,  used  to  describe  the 
poslticms  of  points  with  rcispect 
to  an  arbitraj:y  origin  by  asaa^ 
two  distaaciits  perpendicular  ""c  -.-.-.ch 
other. 

as  pi  ^  coordinates,  sosaetlJiaes 
called  plane  rectangul^  coordinate . 


CRAB 


Angle  between  the  ec^e  of  a 
gra?4i  not  being  parallel  to  th 
line  of  flight. 


photo- 
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s  of  terrais  that  have 
been  coi^fitsuct«d  by.  mm,  such  m 

iM^tmdarylUass  nod  all  xsaaes^ 
and  Ibgmida. 


A  F«f«raaced  elesftixt,  eudi  &6  &  line 
or  tflmv^j  in  r&Sjiilcxi  to  which  the 
pcwLtlGms  of  othar  elBaoiutii  are 
detarsdoad. 
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isiXHEcmoH  OF  mr 


TIC  HHP 


*Qm  aag2«  betveen  the  ^i^astsat 

tif^yf  fgftf^  ftjM  tiftliS  f^^i**i  ^ 

A  mp  of  an  area  vltliio  tlie  IjUaits 
of  tiie  United  States. 


FmJCIAL  MAMS 


fXm  HSGAZEVE 


Wm  POSITIVE 


!lhe  j^'ocess  of  rhftfklT^s  &  aap  in  Its 
vanoua  ata^s  of  porepamtioxi  to 
iasure  convct  lo^pamti^Ei  rsxam  aisd 
ioterprataticss  of  tlie  sousrcea  usad, 

rapsoductlon. 

^SertlcaX  distances  abcnre  the  datUB^ 
usually  aaan  sea  lawl,  to  a  point 
or  objact  on  tha  earth's  surface. 

hxk  iMgtnitry  Uae  aroiuisi  the  ^srth 
vhldi  is  ever^here  equidistant  frcm 
the  poJLes« 

T'ff^ifcv  !£arl£iy  rigidly  comtected  with 
the  camera  lens  through  the  camera 
body  and  forBi$ng  images  on  the 
n^^tive  which  defix^  the  principal 
point  of  the  p^^togxtiph* 

A  negative  tssaas  on  fllii;  as 
contrasted  to  a  glass  negative*. 
(See  also  negative.) 

A  film  on  which  the  iaage  of  the 
original  object  corresponds  to  the 
saaxs  in  the  Scheie  of  light  and 
shade. 


•  c 


\ 


FUikTim  MARK 


FOCAL  FLAIiS 


Aoy  tiTAospaxvnt  mterl&l  which  ^ 
eibBorhs  a  c«rtai&  pcurtlcm  of  tbe 
spectrum. 

A  strip  tisroogh  voodlaacb  fron  which 
trees  mi4  unierbrush  have  been  cut 
to  ia^ede  tbs  pirogs^ss  of  focttst 

!Qi»  v«rU.ca&l  disto&ce  above  a  gives 
datum  of  an  aircraft  in  fli^t,  or 
duriag  a  specified  portioa  of  a 
fU^t.   ^  datua  usually  is  aaaa 
grouod  eXovatLoa* 

A  lisu»  drawn  oa  a       or  chart  to 
represeist  the  track  over  i^ch  an 
aircraft  has  Tseen  flown,  or  the 
cQurfie  over  which  it  is  to  be  fljotm. 

See  Map. 

A  mric  seen  as  occupying  a  position 
±a  the  thz«e-^ijaenslQaaX  space  f  oraed 
by  the  stereoscopic  fusion  of  a  pKir 
of  photograjiiSy  and  used'  as  a 
reference  sark  in  exmsining  or 
jneasurlxig  the  fttereo&^|dc  oodeX* 

Perpendicular  distance  betwe«m 
the  iniige  pT*^  and  the  rear  nods 
of  the  lens  wh^  the  lens  is  set  to 
preset  light  rays  from  Infinity. 

The  plrftp**  perpes^lcular  to  the  y^xlg^ 
of  the  lens  in  which  images  of 
points  in  the  object  field  of  t  ^e 
lens  are  focused. 


That  area  which  Is  bare  or  avosh 
at  low  tide,  but  covered  at  high 
tide. 


FORM  LDiES 


Idnes  having  the  saos  appearance 
as  cont£xir  lines  but  which  have  been 
sketched  from  visual  observation 
to  show  the  shape  of  the  terrain 

rather  that  its  elevation. 
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See  Chrerlap. 

Any  area  vhich  is  shoal,  but  covered 
at  low  tide. 

A  liBt  of  place  siaaJBs  usaxally  giving 
the  geo^Eupislc  locatioBS  and  grid 
references  of  tixe  places  listed. 

See  OOQtrol.  - 

The  largest  circle  th&t ' cbh  be  dravu 
through  any  given  point  on  the  globe. 

ISie  neridiaa  t*issins  thrcxigh  Green- 
vlch^y  I^Qglimd,  and  designated  as 
zero  or  standard  aeridian  <^ 
cjai^  made  in  Britain,  the  United 
States,  and  aiany  other  countries, 

A  box  appeariug  in  the  map's  margLn 
containing  instructions  for  deterni- 
ning  grid  references. 

(1)  A  syBt«Batic  network  of  lines 

on  a  plas^  surface  upon  which  coordi- 
nates are  based  aM  to  which  the 
map  features  are  referenced. 

(2)  A  rectangular  network  of  Hoes 
on  a  mp  projection. 

See  Coordinates. 

fjunoers  appearing  in  the  asargin  of 
and  on  the  face  of  a  map  labeling 
grid  lines. 

A  colum,  6*  in  latitude,  whose 
grid  coordinates  are  based  on  the 
BBjsx:  origin.    In  the  Universal 
Transverse  Mercator  Grid  System, 
the  zones  are  nnnihered  fr^  1  to 
beginning  at  iSO    azMi  progressing, 
eastward. 

See  Control. 

See  ^rvey. 
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the  horl£oa« 


a©  AppetrtKit  or  vlslbljs  Juacticw 
of  iMarUi  and       as  seen  fron  any 
specific  posltioa.   Also  callttd 

k  hssrizonXMl  plit&e  pASslog  ti&rcug^ 
a  poiat  of  vloioB  cxr  peri6pectlv» 
center. 


oa  tiie  pdsme  of 
the  siiot(^;rmp&  ^M^cb  represents  tbt 
iiBfige  of  tl^e  true  horlsoa. 


See  Coatrol. 

A  control  point*  in  &  boriwrntal 
control  systeisa.    (See  also  Control 
point.) 

A  c2mrt  EtbQwing  water  depth*;^ 
islaods,  channel  Sr  ^  cooTomatioii 
of  t}^  M  or  iMkib  bottoci,  eiad  slOs 
and  nenaces  to  navisation.    It  also 
allows  tiie  typograsiiy  of  tbe  sbam  koA 
as  mch  of  tbe  ImM'n  salient 
features  as  vouM  serve  tim  navigator 


plane  of  reference  of  soundis^s, 
depth  curves  and  elevations  of 
fore^l^re  and  off  shore  features* 

ISm  plotting  on  a  hydrograshic 
ja&p  of  t^  topography  of  the  6hore%; 
and  hmi^f  the  depths  of  soundings 
and  oth^  desireshle  detail. 

Barts  of  a  zmp^  such  as  contours 
and  contoiir  values,  which  repre- 
sent relief. 

The  point  oa  a  photograph  inter- 
sected hy  thfc  bisector  of  the  wslfi 
between  the  plnmb  line  end  ttse 
photograph  perpenai calar. 
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An  oblique  piiotograpli  witii  the 
entire  picture  below  the  horlaoa. 

See  Hbusib  lioe. 

original  drawlae  of  a  a*p  tt» 

coBspilBd  or  coositnictea  t>y  BMltiplcx 
topo^r&iii6r£»  or  amp  noBrpflrrs  f  ran 
vnrioos  data  mich  a«  ground  survtiy* 
and  p2)otogr&phs« 

k  gra^cal  rwppes«ata,tioa,  uBuailor 
oa  &  pltme  surface  aod  at  ao  vata- 
blish«d  scale,  -of  oatural  and 
artiTicial  futures  od  tl»  Siarface 
of  a  part  or  tis&  vliole  of  Urn  earth 
or  othe  pJaaetaury  body.    The  featu- 
res ax«  p<^tioiaed  as  accurately 
as  possible^  usually  ra^tlve  .to 
&  coordinate  r^erence  systast* 

See  euiroaautical  chart. 

k  mp  suitable  for  the  tactical 

eiad  technical  needs  of  a  coopsnder.  , 

*  * 

k  tomographic  aaap  vhidi  portra^^ 

A  ■m.-g  ojrsihidi  are  indicated  the 
desiz«d  11^  of  fli^^t  fox  a 
photographic  miasion* 

A  liiotaGPap  xaade  frou  an  aseeahlsr 
of  ortho^otographs.  (See  also 
ortho]^to«  J 

reproducti^  of  a  single 
liiotograph,  coopoeitCi  or  siosalc 
coBpaete  with  grid  lines  and 
marginal  data. 

A  aap  which  presents  tmly  tlMs 
horizontal  positions  for  the  features 
rsprssGcntedi    distiagaifshed  frm  a 
topographic  map  by  the  oeidssion  of 
relief  in  neasuTBhlje  form. 

A  mp  prep£m;d  froK  reconnaisjiuiict 
survey.  (See  also  Reconnaissance) 
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MAP  HIOJECISON 


MECHAKICIIL  Al^  TEMPLET 

MODEL 

MDSAIC 
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A  topogrttpbic  or  pOAaiaetric  mp 
used  i'cor  ylnnnlng  Qperstloas, 

tod  supply  of  troo]^* 

A  topographic  mp  for  geceral  fi<'  i 
UB«  ^  tactical  and  logistic  stuaies 
by  uoits  frm  corps  aaii  hi^ier* 

A  imp  vi&lch  presworts  tbe  hocisoatal 
aoGl  v^rticaa  positiozm  of  the  featu- 
res r«pr«»mtadl^  di&tifiguifilsed  fron 
a  pil«ni»tttric  mp  by  tbe  «aaxtjlon  o£ 
relief  ia  2ae»»ur«3ble  f  om. 

Any  iKiris^tal  plfiae  to  vixich  t^ 
pOaoitfBtry  aa£  relief  of  aa  aroa  • 
are  plotted  (»r  rc^fere&ced. 

See  Projectiaa. 

lof  orstttioz;  in  the  i8Brgi&  of  maps  • 
which  ijs  of  aia  is  filii^  tlse  fi»pii, 
in  interpretiag  thea,  aad  in  deter- 
isissiog  their  accural,  as  veil  as 
for  geaeral  infonoatioa. 

* 

See  ^Demplet 

See  Stereoscopic  swadel. 

Aa  a&sec&bly  of  tvo  or  more  over3Ap- 
piag  aerial  photographs.  Also 
cmUed  serial  soosaic- 

A  a^saic  fitted  to  a  cootrol  plot 
by  rephotographiog  the  coapooe&t 
vertical  photographs  to  cospensate 
for  scale  varistioas  result^ljag  from 
tilt  anu  for  variatioas  iaH^light 
altitude. 

Aa  asseaisbly  of  two  or  sjore  overlap- 
ping vertical  photc^raphB  assembled 
oajy  by  satchiae  photographic  detail 
vUthout  the  benefit  of  s  fra^eworic 
of  control  points , 
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STKEP  MaSAlC 


Aa  asaeubiy  of  a  strip  of  vertical 
photographs  taken  in  a  single  flight. 


mUHFUSX  EXTENSION 


MIIiTIFLEX  PROJECTOR 
WVrXPlKi  TRACING  TABLE 

KADXB 


k  ^««n  scale  reproduction  of  a  jaoiiJ&ic 
whicii  serves  as  a.  gul<ie  to  tlse  ladivl- 
ctual  photographs  .whlcli  oay  t>e  used  for 
plannins  aapplag  projects. 

A  stereoscopic  plotting  iniitniiaBiit 
used  in  preparinG  topograssblc  maps 
by  stereop!iotograias«try. 

See  Control. 

The  extension  of  a  strip  of  pfeoto- 
graB^iG  by  stereoptotogracsaBtrlc 
fliethods,  (Sec  also  GontHever  exten- 
Bioa;  Hiltiplex  triangulation.) 

Aa  optical  projection  of  two  overlap- 
plj^  Jffls^seo  in  coBiplKaBntasry  colours 
by  aeans  of  the  siultiplBK  parojectors, 
vfaicia  gives  a  stereoscopic  iaaage  when 
viewed  throu^  spectaclee  having 
filters  of  correspondinc  compljngmteigy 
colours. 

An  instrunKsnt  which  foims  a  part  of 
the  miltiplex  equiposent  aisd  which 
projects  a  reduced  copy  of  the  aerial 
negative. 

A  pie  ere  of  mltiple^c  equigcaent  used 
for  view  toe  the  stereoscopic  laodel 
B^acurlnG  the  elevations  la  It,  and 
compiling  the  detail  on  , a  aiap  plane. 

See  liriangulation. 

i5iat  poinw       a  celestial  S|^ere 
directly  beneath  the  observer  and 
directly  opposite  to  the  zenith. 
Hiotograpii  nadir  (or  nadir  point) 
That  point  at  which  a  vertical  line 
throaeh  the  perspective  center  of 
the  camera  pierces  the  I'iane 

of  the  photograpii. 
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SSATT.TNS 


OBUGSlJE  ES)aXX5R&H 

HIGS  0BII(3JE 

IDW  OBIIOyE 

ORIEEiTATIOR : 

REEA3!IVE  Oi?IENTA.TION 


ABSOnJTS  ORIErJTMION 


ORTHDGMHIIC  PROJECTIOH 
ORTaOPHOOXXlRAiB 


The  1dm  wliich  sorroimds  the  map 
itseli".    "Sse  fflergiiii  is  otitside  the 
ae  at  line. 

A  sensitised  pl&te  or  fl3A  which 
been  exposai  in  a  caaera  and  which 
h&&  tiuE  Hi^ts  and  shades  in  inverse 
order  to  those  of  the  origioaX 
subject. 

A  photograph  taken  with  the  canera 
aals  directed  IntentiooaLlly  between 
tie  horiscHital  as^  the  vertical. 

An  oblics^e  photograph  in  which  the 
ap^parent  horizon  is  shown. 

An  6bll<iue  photograiix  in  which  the 
apparent  horizon  is  not  shsmim 


(1)  Tho  reconstruction  of  the  sojoe 
perspective  conditions  between  a  pair 
of  phot^raphs  which  existed  when  the 
photograiiic  were  taken. 

(2)  2ie  orientation  6f  one  mltipLLex 
projector  with  refen^ce  to  cnothf^r 
to  produce  the  relative  relatlaiships 
of  the  takini;  caissera. 

fixation  of  sceile,  position,  «nd 
orientation  of  the  stere<^co|«ic  model 
produced  by  relative  orlentatimi  with 
reference  to  the  ground  coordinates. 
A  oiltipXex  iaodel  ^/ith  correct  scfil^ 
and  horisontalization  is  an  absolute 
orientatioc. 

See  Projection. 

A  photographic  copy,  pgrepared  from 
a  perspective  photograph,  in  which 
the  diGpOacements  of  Inaeec  due  to 
tut  and  relief  have  been  removed. 


OVERIAP 

IDB^ARD  LA? 
SIDE  UP 

OVSRIAPEDK?  PMR 


OVKRUY 


PANEIZKG  liBGATIVES 


PARAXIAX 


ABSOnJTE  PARALIAK 


Aiaouat  by  wliich  one  pao1»graph  crver- 
laps  tha  area  covered  by  aaotherj^ 
custoQsasrily  6xpr>es£>ed  as  a  percentage* 

The  overlap  between  photographc 
in  the  qbsss  fliobt. 

!2ie  overlap  between  photographs  in 
adjacent  parallel  flints. 

Two  photoe^*]^  taken  at  different 
exposure  stations  in  such  manner 
that  a  portion  of  c»)e  photograph 
shows  the  oaas  terrain  shown  on  a 
portion  of  the  other  photograph. 

A  record  on  a  transparent  aediua 

to  be  sixperiiiiposed  on  another  record. 

Cktting  a  lilm  negative  in  which 
some  distortion  is  involved,  into 
several  pieced  and  caxoEsnting  thew 
in  place, -on  a  projection  drawn  <m 
vinyllte,  in  such  a  wsy  that  the 
error  is  distributed  in  SBidl  amounts 
throughout  the  ai^  rather  than 
being  localised. 

"S^ije  apparent  displaceoent  of  the 
position  of  a  body  \d.th  respect  to 
a  reference  point  or  system,  caused 
by  a  shift  in  the  point  of  observa- 
tion. 

Considering  a  pair  of  truly  vertical 
photographs,  of  equal  principal 
distances,  taken  from  equal  flight 
altitudes;  or  a  pair  of  rectified 
piotographs;  or  a  stereoscopic  model 
fonoed  by  the  mltiplex  projectors 
of  such  photograjSss ;    The  absolute 
parallax  of  a  point  is  the  algebraic 
difference,  parFsllel  to  the  base 
line,  of  the  distances  of  the  two 
images  frcmi  their  respective  principal 
points.    It  is  a  Erasure  to  scale 
of  the  height  of  the  image  in  space. 
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PAEALIAX  and  also  used  in  mltiplsK  operations 

to  denote  the  cfOJaponent  oi"  ais-t&Qces 
•btstveen  ti;e  coiT«spoaciiC£i  iasiies  of 
a  point  in  a  steaneoscopic  aodel  in 
a  Oirecticm  parallel  to  the  vertical 
plane  containinc  the  base  line  vhen 
that  n»del  ia  intercepted  by  a 
horizontal  plane,  mda^  as  the  platen 
of  the  mltiplei:  tracing  table. 


Y  FAHALU^  OR  VMTICAL 


PASS  POIKT 


# 


PEISPECTIVSS 


PERSEECnVS  GEKTER 


PERSPECTIVE  GETD 


Ohe  difference  of  the  perpendicular 
distances  of  the  two  correspondins 
im^s  of  a  point  in  overlap^Lnc 
photographs  or  proj^ectioos  of  ptoto- 
gmphs  froa  the  vertical  plane 
containing  the  bane  line* 

A  point  the  horizontal  aad/or  verti- 
cal positioa  of  vhlch  is  cUstermioed 
frcm  piiotograiiis  by  photograssaetrlc 
sk^thodS;  g"^^  vhich      intended  for 
use  after  the  manner  of  a  grouod- 
ccmtrol  point  in  tie  orientation 
of  other  photo^phs. 

The  two-diioensioiml  appearance  of 
the  object  with  reference  to  ti^ 
point  of  cbse-vatioa. 

The  point  of  oriijin  op  tenaiaation 
of  bundles  of  perspective  ra^;  in 
photograpisj'',  the  jrear  node  of  the 
lens  is  the  perspective  center  of 
the  pfaotc^raph,  and  the  fro^  node 
of  the  lens  is  the  perspective  center 
of  the  object. 

A  netx^ork  of  lines  drawn  or  super- 
ixE^KJsed  on  a" photograph,  \^ch  repre- 
sents the  p€*rspective  of  a  syst^natic 
network  of  lines  csi  the  ground  or 
datum  plane. 


PERSPECTIVE  P!«}JECTION 


See  Pro  .lection. 


• 
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hiotocra:-metry 


PHOTOGRAHI 


PIAIIE  00ORD:m2ES 


PIAIJIME3KY 


The  science  and  art  of  c^tainlng 
reliable  njeasurements  from  phDto- 

A  General  term  for  a  positive  or 
negative  picture  niu  *e  by  a  caiaera 
on  plate,  IHn  or  other  siedimn. 

Hie  perpendicular  froci  the  interior 
perspective  center     rear  node  of 
lens  -  to  the  plane  of  the  itotograph. 

See  Map# 

See  Ck>ordinates. 

'Boxt  6f  a  map  v/hich  represent  every- 
thing except  relief  I  that  is,  works 
of  laau,  ana  natural  features  such  as 
woods  and  water « 


PIATJIMETRIC  MAP 


PUDOTIKC  SCALE 


HUm  POBIT 


POSITIVE 


PRESS  PRCX3F 


PRINCIPAL  DISTAIJCE 


PRINCIPAL  Lirffi 


See  tep-^ 

The  scale  at  which  a  issap  is  to  be 
cdoipileda    The  scale  of  the  xoiltiplex 
model  in  absolute  orientation. 

The  point  on  the  ground  vertically 
beneath  the  perspective  center  of 
the  cacaera  lens, 

A  ifiiotograph  having  the  sasse  apia:^xi- 
mte  rendition  of  light  and  shade  as 
the    original  subject. 

A  lithographed  zaap  taken  from  anaong 
the  first  copies  run  on  the  press  and 
used  for  editing  purposes. 

The  perpendicular  dic^tance  from  the 
interior  perspective  center  to  the 
plane  of  a  particular  finished 
negative  or  print.    Distance  from 
the  reax  node  of  the  lene  to  the 
principal  point  of  a  photograph. 

The  trace  of  the  principal  plane 
upon  the  photocraph.  (See  also 
Principal  plane.) 
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PRIKCXPAL  SXASS  Ths  verticai  plaae  throu^  tlje  iater- 

tutl  perspective  center  containing  the 
l^togra£ih  perpendlculsr  of  ao  6!3li<£iie 
photcgra|)ii;  that  is^  any  photograph 
vhicb  is  not  a  truly  vertical  fisoto- 
graph. 

The  foot  of  tlie  perpendicular  froia 
tile  iatericr  pearspective  center  to' 
tlae  platse  of  the  ibotograph;  that  is, 
tlie  foot  of  the  photograpii  perpendi- 
cular. 

A  pliotograpMc  copy  made  by  projaction 
or  cootact  priistiag  from  a  jiiotogra- 
piiic  nsgativts  or  f  roa  a  traaaparvoit 
dxaidsigy  as  in  blueprinting. 

CD2JTA.CT  ESBST  A  print  Bade  with  the  negative  or 

traxiaparent  dra;i>ring  in  contact  with 
the  sensitised  surface. 

A  print  the  scale  of  which  has  been 
chazsged  froa  that  of  the  negative 
by  piiotographic  enlargessent^  reduc- 
tiozij  or  restitution* 

(l)  In  geoKaetry,  the  extension  of 
lines  or  plm^s  to  intersect  a  given 
surface.    (2)  The  transfer  of  a  point 
f nasa  one  surface  to  a  correspoodiog 
position  on  another  surface  by  graphi- 
cal or  analytical  xaethods. 

MAP  HIOJECnOK  (l)  A  systeasatic  drawing  of  lines  ^ 

a  plane  surface  to  represent  the 
perallels  of  latitude  and  the  aeri- 
diaas  of  longitude  of  the  earth  or 
a'sectic»  of  the  earth.    (2}  A 
geometric  pro  ejection  on  a  plane 
•  surface. 

PERSPECTIVE  PBOJECriON       lie  prtj^ection  of  points  by  straight 

lines  drawn  through  them  from  some 
given  point  to  an  intersection  with 
the  plane  of  projection. 


PKtHT 


RAOHO  EHDIT 
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OKIHOCRAISIC  WQJECmm 
INJECTION  HESOIAlfCE 
MIXLAL 

raho  print 

RBCOMaiSSANCS 
RECnKEGAHON 


RELATIVE  ORIENmTIDH 
RELIEF 

RELIEF  MODEL 


A  perspective  projection  of  points 
bj  straight  lines  from  a  point  of 
projection  at  an  infinite  distance 
trots  the  plffiTT  of  the  drawing. 

In  the  sultipleac  projector^  the 
distance  from  the  frcmt  node  of  the 
projector  lens  to  the  plaae  of 
projection. 

A  line  or  direction  from  the  radial 
center  to  any  point  on  a  phoff^ograph. 
The  radial  center  for  tmly  vertical 
photographs  its  the  principal  point. 

See  Trlangalation. 

See  M.nt. 

A  gei^ral  esamination  or  survey  of 
a  region  with  reference  to  its  laaia 
features,  usually  as  a  preliminary 
to  a  oore  detailed  survey. 

See  Coordinates. 

2ie  process  of  projecting  a  tilted 
or  oisllque  photograph 
to  a  horizontal  reference  plane,  the 
angular  relation  between  the  photo- 
graph and  the  p"?^"^  being  detenained 
fram  knovn  or  estiisated  data* 

A  photograthic  print  made  by  project- 
ion in  a  rectifying  printer  which 
has  been  properly  set  for  rectifica- 
tion. 

See  Orientation. 

The  variatior.  in  the  height  of  the 
earth's  surface.    The  third  diUKinsion 
in  depth  perception. 

A  general  category  which  denotes  any 
three  dimensional  representa^i-Oiui  of 
an  object  or  geographic  area,  modeled 
in  any  size  or  medium.  Subordinate 
categories  -  not  interchangeable  ^d.th 
the  general  term  are ; 
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PIASTIC  REIXEF  MAP 
REPBODUCnDK 

mjm  i33iSE 
saaz 

*■ 

SEPIA  mm: 


Any  three  nltyissloiaa  model  of  & 
geograp2^c  area  ccmstxucted  to  8c&2je. 
A  specific  ana  distinct  type  of  the 
terxiBia  i;s9del  Is  t!:e  plastic  relief 
o&pi  laowever,  throush  extended  use, 
it  has  becone  clftstiif  ied  as  «  sepera* 
te  product. 

A  topogirapHlc  xa&p  prlated  cm  pl&stic 
end  ivJ^ed  iJSto  &  three  clinffnsioaal 
form.    The  piLa^stic  aedlua  is  geoersl- 

f  omsd  by  heat  asdd  vacuum  over  a 
terrain  aodel  to  achieve  the  three 
disBeosioaal  repres^taticm. 

2xe  suffimat^AEi  of  '^'^'^  tiie  processes 
involved  in  priistiag  copies  froia  a& 
brigisaX  drawing. 

A  line  which  crosses  successive 
BieriOiaas  at  a  constant  angle,  also  ^ 
lemsdrcem^    HhQ  Miarcator  is  the  only 
projection  on  which  a  itomiJ  line  is 
re^seated  by  a  straight  line. 

rstlo  of  distance  aeasured  on  a 
map  to  the  corresponding  distance 
on  the  ground.    Different  fraa 
represcmtati'v^  fraction  only  ±&  that 
scale       be  e:sf:pressed  in  other  than 
fractional  fom;    that  is,  sudi  as 
an  e^py^ation  with  different  units  of 
ncasureiaent  on  each  side. 

(1)  Aiteratioa  of  the  scale  in 
photognifiSBetnc  trian£ulation  to 
bring  the  Moel  into  agreeiaent  vith 
a  plot  of  horisoatal  control. 

(2)  fitting  a  stereoscopic  model  to 
a  horizontal  csmtrol  plot.    A  step 
in  absolute  orientaticm. 

A  photographic  2  Jixrodiiction  obtained 
by  the  use  of  a  surface  witi^  a  light 
sensitive  iron  and  silver  salt  in  a 
gelatin  coating,  wiiich  afxer  exposure 
to  brilliant  llghi  will  turn  brown 
when  developed. 
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SIDE 


SPATIAL  mUBL 


SPHERE 


S1!E2©0S00i 


SIERBOSCXSPIC  FUSION 


STEHBCJOOPIC  BIAGE  GR  STEREO- 
SGOPIC  htJIEL 


STERBOSCOilC  PAIR 


STEESOSOOPIC  ViriOK 


S^e  Overlap. 
See  Tt^pLet. 


A  Stereoscopic  aodel*  (  See  also 


A  body  of  space  ooonded  by  one  surface, 
all  points  of  which  are  equally  distent 
froa  a  polat  within  called 'its  center. 

An  escact  value,  or  concept  thereof, 
established  by  authority,  oistoisi, 
or  coBsaon  consent^  to  serve  as  a  rule 
iQ  the  xaeasurcjwnt  of  quantity,  or 
in  the  establishiitnt  of  a  practice  or 
procedure • 

•Hie  science    uri  art  which  deal  with 
stereoscopic  effects  and  the.xaethods 
by  which  they  are  reporoduced* 

!I5iat  Bjental  pitjcess  which  cocibixies 
two  perspective  iiaoges  of  an  object 
ooa  the  retia«^  of  the  eyes  to  give  a 
inental  impression  of  a  three  disaension* 
aX  ttodel* 

Biat  mental  impression  of  a  three 
diiaensiooal  saDdel  which  resuJ,ts  froo 
stereoscopic  fusion  of  a  stereoscopic 
pair* 

Two  liiotc^raphs  of  the  sewe  area 
taken  frosii  different  caiaera  stations 
in  such  a  manner  as  to  affort  stereo- 
scopic vision.    Also  called  a 
stereogram. 

That  petrticular  application  of  bino- 
cular vision  which  enables  the  obser- 
ver to  view  an  object,  or  t^/o  diffe- 
rent perspectiv  es  of  an  object  - 
as  two  x^otograiiis  of  the  saiae  images 
taken  fro©  different  caiaera  stations  - 
and  to  obtain  therefrom  the  laental 
impression  of  a  three  dixm  nsional 
models 
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S1EHB0GHAM 
STERaOSCJOFS  • 

STICK-UP 

SHC-PAT 
SmOSGIC  MAP 

AERIU.  SUKVEY 
lACnCAI.  MAP 

OR  SBDOTD-ARM  TSMEEST 


34^ 

See  Stereoscopic  pedr. 

Aa  optical  instruwBt  for  assistiue 
the  (^server  in  dbtalnlng  ctcreosco- 
pic  vision  froB  two  properly  prspared 
p22otographs  • 

A  gum-badsed  opaque  or  vax-badced 
transparent  material,  oa  which  naaes, 
nus&ers,  or  s^^ols-  are  printed  for 
the  purpose  of  lioposinG  tSam.  on  the 
draftee!  copy,  thereby  el5m1natlne 
tte  necessity  of  hand  drmTtlog* 

An  aoheslve-bacleed  ceLlopgiane  on 
which  map  syisbols  are  printed- 

See  hS&p, 

The  act  or  operation  of  mklng  aeasu- 
reioents  for  detezniniag  the  relative 
position  of  points  o©  or  berasath  the 
earth's  surface. 

(1)  A  survey  utiliaiag  serial  photo- 
graphs ai$  part  of  the  sur^myiog  opera- 
tims. 

(2)  The  taidng  of  aerial  photographs 
for  surveying'  pjtrposes . 

See  Map. 

A  substitute  for  a  photograsb  xised  in 
radial  tri&aguJjation,  oi^  which  is 
recorded  the  radial  canter  and  the  - 
radial  lines  taken  frm  the  piiotograph. 

A  jaechsaical  teanplet  on  which  the 
3-adlal  are  represented  by  slots  cut 
in  a  sheet  of  cardboard,  netal,  or 
other  material. 

A  templet  which  is  fomed  by  attaching 
slotted  steel  arms,  which  represent 
the  radlals  to  a  center  core. 


TERRAIN 


An  area  Ox  ground  considered  as  to 
its  extent  and  topography. 


3^1 


nun 


Hie  aogle  betweea  the  pisotograpb 
perpcmiiculsr  and  a  vertical  thrasjgh 
the  air  station. 


TIP  AKD  Tlin: 


TOKXIRAESY 


TOKXJRAISIC  MAP 


In  practical  photograB8aetr>%  the  X 
and  1  coaponents  of  eb  solute  tilt 
are  referred  to  as  tilt  wad  tip, 
respectively;  that  is,  tip  ia  the 
rOtatioQ  of  a  photograph  ahout  the 
Y*a^s  or  the  axis  perpeodiculfir  to 
the  line  of  flighty  and  tilt  is  that 
about  the  K-axis  or  the  axis  parallel 
to  the  line  of  fli^t. 

!Ihe  features  of  the  actual  surface 
of  tht  earth  coasidered  collectively 
as  to  form. 

See  f^p. 

A  method  of  surveying  whereby  the 
lengths  and  directions  of  Hoes 
connecting  a  series  of  stations  are 
roeasur^. 


TRIAUGUIAHON 


AERIAL  TRIAKGUIAnOK 


RADIAL  TRIANGULATION 


She  detenaination  of  relative  or  . 
absolute  positions  of  different 
points  on  the  earths  surface  by 
utilizing  aerial  photography. 

A  stereophotograssaetric  laethod  of 
aerial  triangulation  utilizing 
successive  stereoscopic  ima^s  fjrom 
overlapping  aerial  photographs  in  the 
mltiplex  projectors  for  the  location 
of  points y  isiaged  on  the  photografihs, 
in  their  correct  relative  position 
-U3  one  another. 

A  photogramnjetric  method  of  aerial 
triansulatloa,  either  analytic  or 
graphic,  utiliziiie;  overlapping 
vertical,  near"y  vertical,  or  oblique 
aerial  photographs  for  the  location 
of  points,  Inwged  on  the  j^tographs, 
in  their  correct  relative  position 
to  one  another. 
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A  coatxol  poii£t  ia  a  vtertlcal  oontztjl 
systea.  (See  also  Control  polot.) 

See  porall&x* 

'canexm  flpds  vertical  of  ils'Gi0tJ^ly 
vertical  an  practicmbiA* 

k  s^sxthetic  3^8la  or  plsstlc  wterlaXf 
froa  .00$  inm  to  0/8  iadi  thiclc  in 
iacx^ents  of  .002^  incii.   It  dirf«r£ 
coapQ^tel^  froa  acetate  both  la  cswpo* 
sltiois  ai^  tbe  aietliOGl  Mum^  to  paroduce 
It. 

Adbesive<4;ac!£eii  cauJLoiimae  o&  vhlcii 
S3>si>oiXit  for  mp@  are  prizrted.  Zip- 
a-ti»3e  may  be  cait  £&  any  desired 
Bize  or  sbape  aod  appllstS.  to  draulogs* 
(See  also  Stic-B&t.) 
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im:^  CF  GCKTSMTS 


IntroGtuction  — 

Lesson  Objective  — '  ■ — 
Instructions  to  Stitdeists 
Lesson  Firanes  ■  '  — 
Self-Tost  
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T^ja  self-t^u^hlQg  text  c^cttming  tiie  smx^gioKl  Infornwtioo  of 
sllitsry  ms»  covers  tboae  oee&ed  by'  everyone  vho  uses  isili.- 

tary  la&pB  jsod  imp  subfltitutea*    It  provide*  a  foundation  for  per- 
tt^nn'^J.  vbofte  training  piro^ram  viU  reqiiins  specialized  or  more  ad- 
vanced skills. 


m) 


\ 

nSSON  OBJECTIVES 
UpoQ  eosplBtlcsQ  of  thle  programd  leeecJEiy  ytm  mUI  be  able  tos 

a.    Identify  tiie  marginal  iafanaatloa  pertinent  to  a  jsap 

aheet. 

"b.    Interpret  the  mnaerical  system  used  on  mapa,  sucii  as, 
sheet  number,  series  vrnmhers,  stock  imaiber,  etc. 
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This  text  ccxiaists  of  FEAHSS  md  PiNEIS*    A  FE&KS  |!r«««Qt<  a 
single  te&ohi&g  poiat  lililch  osuaBy  z«qulrfis  an  an«ii»r  to  a  BpsoiTlcs 
prc£l0Bi«   A  PAHEL  Is  aa  llbistratlou  or  otiwr  in£ormtiaa  nm^mk 
to  solw  the  problezB  lii  the  tramsm 

The  probXaiff  in  soas  frnass  ztNioiros  jpni  to  writ*  an  maimrm 
In  -otbesrs  yxm  Mlsct  a  correct  cholco  ami  draw  a  cirels  Aroustd  it. 
A  few  fraB»9  sire  eallsd  INFORHAflCK  or  REVIEW  S^ansa  and  do  not 
neod  an  ansner.  t&an  a  fram  rafen  to  a  panel  find  tbB  oorreet 
panel  (printed  afber  the  fra&aiia)  sz^d  stiu^  It  b^ore  anstwrlng  the 
qisastlcxi. 

Start  id.th  Frans  1  in  the  upper  half  of  the  page  titXad  LEVEL  A. 
Continue  l^urough  tl»  booklet  on  I£VEL  A  b<ifore  retoming  to  the 
fxoQt  to  start  cn  I£?EL  B|  vosrk  throiz|j^  XEVEL  B  until  jroa  ba^e  oon- 
pleted  the  lessoQ.   The  correct  mmmr  for  each  f^'ane  is  printed  in 
parentheses  above  the  next  f^raae.    EisaTaplBs   The  answer  to  Fnsm  1 
will  be  found  in  paren^ses  above  From  2*    If  jm.  imswer  an;f  fTttm 
incorrectly^  tuxts  back  to  the  original  fraiae  and  rest^y  it  and  change 
TOUT  ansver  to  the  correct  <»e. 

The  last  fraiai  directs  yaa.  to  do  a  pz^tical  exerciawi*    This  is 
where  you  ^     dmsoastrate  what  ycu  have  learned  in  the  lesson* 

Tim  following  materials  will  be  needed  to  coni-'lete  the  eelf- 
test  at  the  end  of  this  lessons    Map  of  Virginia  (Indian  l»ad) 
1:50,000. 
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FRAME  #1     •  lEVELA 

Map  t^gmrin.  (g^tjUma  are  tbosa  stas^dard  Ittsm  &^^msriss  in  the 
iMTgin  of  maps  sssd  serve  to  ideotlfy  a  2»p  cGBSilfit«3y  spedLfi- 
cflOJ^.   OMs  teacfe  is  desigoed  to  tm&h       to  identify  qb&  lister- 
prut  the  i2if  orsBBtlcn  ootsias  t!w  Hslts  or  noetllne  of  the  it- 
self.  All  features  outslds  the  BeatHae  of  a  imp  ere  pturfc  of  tSie 


(Ho  veergouce)  B  • 

FRAME  #26 

For  the  scries  nuroer  below,  list  the  designation  for  each 
element. 


V 

b. 

8 

c. 

3 

d. 

1|. 

e. 

*  Not  always  used. 


(>.o  respons€t) 


Marginal  inf  onaation  is  aecesB«ry  to  help  totei-pret  the  snap ' 
since  laaps  ere  of  diffeareixt  clsfifiificatioaey  soade  usixig  different 
xsethods  sod  cover  diffeirent  areas  of  the  vorM.    It  is  alsiays  im- 
portant, to  eacfuninf*  tlie  smr^inal  infoxmtioii  before  using  a  partic- 
ular mp.    The  infomation  thtt  appears  outside  the  neatlise  is 
an  aid  to  •  £  map. 


(Reginal  area  -  scale  -  sub -region  -  series  separation  -  special 
parpose) 

FRAME  #27 

It  is  important  that  we  distinguish  betwcfen  the  series  rnmber 
and  the  sheet  mnaijer. 

556IIIW  is  the   

V83U  is  the   . 


ERIC 


34^ 


(later^ret) 
n^iHS  #3 

Although  mps  are  used  for  different  purposes  ^  they  all  gen- 
erally contal.n  the  aaoe  marginal  infonoatlon.   Becaase  mps  are 
printed  by  specifications  using  different  style  sheets ^  the  inf or- 
oation  jaay  he  placed  in  vsriaus  iocati<»s  around'"&  oeatline  of 
the  map.    Sorae  zoarglQal  data  may  appear  in  the  upper  left  portion 
of  one  xQ&p  sheet  and  in  the  upper  right  of  another.    This  vould 
depend  upon  the  partlr.ilar  specifi- 
cations are  taken  frosu 

Refer  to  Klate  k  for  an  t^-rnmpia  of  a  typical  style  sheet. 


(Sheet  maber  -  Beries  mint.>erj 
FRAME  #28 

Another  part  of  the  marginal  inf orsmtion  that  is  found  in  the 
loargin  of  a  map  are  road  destinations.  A  tyi^c&l  road  destination 
is  shown  below: 


These  destinations  indicate  the  distance  from  the  neetUne  of 
the  mp  to  a  particular  destination  aLong  the  path  indicated.  Us- 
ing tiie  above  exaxople  and  looking  at  the  rrmin  road,  how  far  would 
you  travel  to  Fredericksburg? 


5  5*0 


(style  sheet) 
FRAME 

Hie  first  part  of  the  marginal  data  iof ormtion  of  lasrge  scale 
topograjiiic  xaaps  ve  vilX  easasaine  is  tJie  siieet  aane.    This  is  u£«uaXly 
the  largest  populated  p3,ace  showa  on  this  particular  sheet,  even 
though  this  asap  sheet  nay  he  part  of  a  larger  coeiplex.    Th<s  sheet 
nasae  is  uKiaUy  fouad  ia  the  top  center  of  a  nap  sheet  and  is  usually 
the        of  the  particular  sheet. 


(30  lailes)  ] 
FRAJE  #29 

Uie  Edition  Number  is  also  an  iaiportaat  part  of  the  map 
njargiiial  infonaation.    An  exaatple  is  shoTO  "below: 

EDITION  3-TPC 

(I5ie  coded  initials  r 'present  the  mpping  aeency  responsible  for 
the  publication  I  i.e.,  TPC  -  United  States  Topographic  Command.-) 

Ihe  edition  nuafeer  represents  the  AGS  of  a  map  in  relation  to 
other  editions  of  the  sasae  map.  Edition  numbers  run  consecutively 
and  the  latest  edition  vili  have  the  largest  number.    If  you  needed 
the  laost  up-to-date  map,  which  one  would  you  select? 

EDITION  1-TPC  EDITION  3 -TPC 


ERIC 


(2j3Xgest  -  pox*ilated  -  place) 
FRAME  #5 

Related  to  the  sheet  msm  of  a  map  is  tiae  slaet  maaiber-    2ie  sheet 
misaber  is  used  as  a  refereace  aunber.    Let's  see  how  this  particular 
muj&er  is  detexKiiMd.    A  particular  sheet  taanaier  for  a  ls25,00O  scale 
topographic  sap  wotOil  he  5662IISW.   T5je  first  four  nusDbers  5662  are 
■based  upon  an  arbitrary  geographic  coordinate  system  la  which  each 
map  sheet  has  a  scale  of  1:1130,000.    Sae  first  foftir  nmabers  of  a 
sheet  nuBtjer  identify  a  mp  of  an  area  that  is  publislad  at  a  scale 
of   . 


(Edition  3-^) 

FRAME  #30 

The  syssbol  legend  is  another  item  of  mrgioal  data  on  all 
topographic  ssaps.    It  illustrates  and  identifies  the  more  prominent 
topograpiic  symbols  used  on  the  map.    Each  symbol  is  shown  in  its 
proper  color  unless  the  color  does  nqt  appear  on  the  interior  of 
the  map.    A  standard  legend  is  tailor^  to  include  a  synboi  in 
order  to  avoid  repetitive  labeling  on  the  map.    If  you  saw  a  symbol 
on  a  map  that  was  unfamiliar  you  would  try  to  identify  It  using 
■j;b,e  _  ®^  '^^^  sE,p. 


(1;ID0,000) 


Bie  basic  develi-iaaent  of  the  first  four  miiiTers  of  a  sJnet 
nujober  for  1:300,000  scale  mps  is  sliowo  below; 


6^ 

1 

— 

62 

i — 

&1 

60 

53 

5^ 

[55 

If  you  had  a  map  sheet  that  had  just  four  ouiabers  for  the 
sheet  xjuu&er,  it  would  be  ut  a  scale  od'    " 


(s^Jbol  -  legend) 
FHAME  #31 

A  typical  St  jadard  Bjnnbol  legend  is  shown  be^  ov  (not  In  color) 
Usiag  this  legend,  identify  the  following  syxi  s>l 


I  ton*  m  fc«M  : 


Zmti  irrnk^  ^  - — ■  ^^-^  


MW^I  V»l«».   ^   ill 


UEGEN.5 

 MANTUQA 


cz 


2)53 


(1:100,000) 

So  far  we  hav«  detersKLoed  <mly  the  1:300,000  oc&le  sheet  aaaber. 
Ife-ft,  we  tato  tl»  "5662"  sbeet  aoa  divide  It  iato  4  eq^al  parte 
so  that  ve  wsv  h&ve  four  sepitJnLte  sew  skips.    Bach  pairt  is  labeleni 
In  Tryift"  msxaerals  ae  shovn  below: 


1 

IV  t 

I 



III  1 

— 

n 

NOTE:    The  nmatsralfl  start  at  the  wp^r  right  >  «a  proceed  clockvdse 
to  the  upper  left.    After  deterainiag  what  the  1:100,000  scale 
number  is,  ve  divide  that  area  iato   equal  parts. 


(i*ice) 
FRAME  #32 

When  a  coaatal  area  occurs  on  a  nap,  a  hydrograj^c  legend 
is  shown  in  the  open  water  area.    An  exaanple  of  this  type  >f  legend 
is  shown  below  (not  in  color) : 


HTtJKOGftAfHIC  DATUM       t*£AH  iOWEt  iOW  V  ATM 


Wi«dl.  SmiMw;  kn^mm*  . 
pirn  


35- V 


(k) 

FRAME 

Correctly  divide  and  label  the  :.:1QO,000  scale  map  shown  belcw. 


(No  response) 
FRAMS  j^\33 

Bar  Scales  axe  graphic  expressicas  of  the  map  scale  which 
p  ovlde  means  of  making  iseasurements .    A  bar  scale  is  used  like 
a  mler  to  convert  a  distance  measured  on  a  map  to  a  .orrespooding 
distance  on  the  ground.    In  what  four  units  of  saeasiireznent  can  we 
determine  a  gound  distance  ualng  the  below  shown  bar  scale? 


Scab  1:50,000 

S»  0  ^000  2000  3000  4000  5000 


300         0  ta)0  2000  3000  4000   5000  tardi 


2    3  N*wfiuri 


8 


3Sb 

(See  mHE  #7) 

Hie  divisiotiB  of  tlie  1:2£X),000  eJieet  xnxEter  "5^2"  Into  ronam 
noxijeraa  parts  eOldwfi  identification  of  aay  one  of  the  four  parts. 
Sbade  in  the  area  of  the  asap  sheet  whose  sheet  nimfiser  is  5662II. 

i  \ 

I 


5662 


(statute  Edlee  -  aetera  ••  yards  -  nautical  ailes; 
FRAME  #3li 

•Hie  bar  scales  provide  a  raeans  for  maMEsg  measureiaents  on  a 
map.    ISiese  ineasurements,  expreased  in  any  of  four  units  represent 

the  ratio  of  a  distance  on  the    .  to  a  ccaaparative 

distance  on  the  map. 


9 


(Lover  right) 


FRAME  #20 

Each  of  the  four  parts  of  the  I:IDOfCXX}  acale  aap  deters&loes 
the  boundary  of  a  1:50,000  mp  sheet.  TtmB  5662II  is  a  1:50,000 
mp  sheet.    If  you  had  a  map  ^eet  vhose  r^uisber  w£U5  the  scale 

of  that  n&p  would  be  > 


(ground) 
FRAME  #35 

Credit  for  the  coxapilation  and  printing,  aa  well  as  the  internal 
factors  involved  with  the  making  of  the  map  are  included  in  what 
is  known  as  tl»  Credit  Note.    Credit  notes  on  recently  published 
xnaps  not  only  tell  who  make  the  mp  but  also  what  grid  and  projectio^^ 
were  used,  what  horizontal  and  vertical  datuns  the  Mip  ie*  based ^upon> 
where  gecietic  control  was  obtained,  and  who  printed  the  map,  J^msttple 


CON  Iff 


iY 


CymM  IMi 


ID 


55"1 


•  ( 


(1:50,000) 

FRAME  #11  ^ 

12ie  tsesct  6t«p  is  to  break  the  1:30,000  map  sheet  56621  isto 
four  more  y^ual  parts.    Each  bziealcdown  of  a  1:50,000  scale  msb  la 
identjSfltse  by  a  coypaiss  direction.    Using  the  diagrain  below,  oivldfi 
5662III  into  four  parts  and  label  each. 


37 


1^  ' 
J —  i  -  - 


I 


II 


ICET-  liortheast 
SE  -  Southeast 
SW  -  Swithweet 
NW-  flbrthv*st 


(Ko  respoQBe) • 
FRAME  #35 

Credit  notes  on  older  naps  are  located  above  the  syidbol  legend 
and  are  written  in  textual  form.    Example  s 


Pr»p«riidt!yfh«  Army  M«pS«v««{AMCM.C«>fp»crftngwiMiri,  U,  S,  Army.  W»ihiflMton,  0.  C.  Cornp^  tn  1»64 
by  pbototrwnm^nc  m»J(KKlt.  Honjo..l.»  wts  *.rtK*i  control  by  U5C*(iS,  USGS,  and  CE.  A.rw*  f>«>t'«'»^^> 
Jun.  f^iWK  Mwe        ar.  buM  on  th«  QO*  .nd  Salt  Slv»r  Mwiawfl,  M«P        cNc»i»<l  J*51  a^vi  ii(!5.. 

Thit  m»p  comph«»  wrth  ti^  naOon^  »t»n(S»rd  map  •c«uf»c,  ftquir*m«nU. 


These  textual  versions  esqjlained,  who  asade  the  map,  from  what 
source  materiELl  and  what  methods  were  used.    Study  the  above  credit 
note  and  determine  the  date  of  the  serial  photography  that  was  used 
in  makiiig  this  map.       /  % 


ERIC 


3-S8 

(m  m 
sw  se) 

FRAME  #12 

Each  quarter  of  the  breatodlovn  of  the  1:50,000  sheet  5662II  de- 
teroineB  the  boundary  of  a  1:25,000  scaie  map  sheet.    I&us  5662IIKW 
indicates  a  map  sheet  which  is  prepared  at  a  scale  of  1:^5, 000, 

How  many  1:'15|000  map  sheets  can  be  made  fron  a  sheet  ousabered 
5561112 


(^im©  19§1) 
FRAME  #37 

The  contour  interval  note  Is  the  vertical  distance  between 
contour"  'ines  on  a  mp.    The  contour  interval  is  extremely  iij^rtant 
jbo  the  :  .ip  reader  in  determining  elevations.    Sxaiaple : 

CONTOUR  INTERVAL  10  FEET 

By  loosing  at  the  exasirple  above  we  know  that  the  distance  betveen 

cor, tear  lines  on  the  map  represents  a  change  in  elevation  of   

  on  the  ground. 


12 


3^^ 

Fi-IAME  #15 

Using  only  the  sbe«t  miufcer  i-t  is  possiible  toi  tell  exactly 
vhat  sceQjft  a  cap  siieet  is.    Write  dovn  vhat  scale  ia  repi-esonted 
•  oy  the  folloving  sheet  ouisbers: 

1.    k3b9:   . 

3 .    Sk^ll  t   


(ID  feet) 
Fimi-E  #38 

Hie  nrld  reference  box  is  also  part  of  the  marginal  data.  ThXB 
..o'A  is  used  to  give  instructions  for  obtaijiing  grid  references  on 
.he  nap.    The  box  for  a  standard  map  sheet  ■'s  shown  below: 


'  rm 

i  .      i  i 

;         "i***^  j 

12  n 

100  MftU  Ih^l^MCf  f 

KP 

us 

MSHl^t  23456 

Ac  a  reference  to  read  grid  coordinates  on  a  snap,  you  vould  refer 
no  thi   .  ]  .  


13 


(1:100,000  -  l'^,000  -  1:30:^) 


FRAHB  #14 

In  addition  to  tbe  sheet  mm  aad  shsst  musbar  there  is  also 
the  series  The  series  oasift  is  nonaally  vritten  with  the 

scale  of  a  oap.    Die  series  naae^  a  mp  is  the  gGOgrafiiic  osae  of 
the  area  covered  by  a  partimlnr  serif iS  of  ujsps.    If  several  series 
at  the  same  scale  are  designated  to  eov«r  a  couxrtxy  or  regloo  they 
are  identified  tiy  the  country  or  region  naoe.    "For  eaBBBsple:  Southern 
Honshu,  Central  Ehilippiass,  Horthem  lurope,  etc.    In  nost  cases 
the  ojuntry  or  state  nazne  vill  be  used. 


\ 


(grid  reference  box) 
FRAME  ^9 

Ihe  gxld  reference  box  also  gives  the  Grid  Zone  Designation 
and  tlie  100,000  Ifeter  Square  Identification  for  the  saap.  Oliese 
two  identifications  are  a  part  of  the  Universal  Transverse  Mercator 
Grid  SyBtem.    What  is  the  Grid  2oae  Desif;nation  and  the  300,000 
I^ter  Square  Identification  for  the  1  llustration  in  Fraae  #38? 


14 


(No  response) 
FRAME  #15 

It  is  important  oot  to  conTuse  sheet  n&oe  witb  series  naae.  1306 
sheet  nffi^  relates  to  a  particular  laap  while  the  series  naiae  re- 
lates an  entire  grcmp  of  mps  in  a  specified  geograpMc  area.  If 
yt5u  were  toM  BeultiJaore  was  the  sheet  nsme  appeariag  on  a  map  then 
Ii^xyxand  would  be  the  .  map. 


(lliS  NP)  f 

Qie  declination  diagraia  on  a  mp  iadicatee  the  srgtilnr  relation- 
ships between  trae,  grid,  and  magnetic  north.  A  typical  declination 
dlagraa  is  shown  below; 


OM 


Si 


I 


SO  MKS) 


f  4  AHOU 

1  /  IH^O" 


&«0  COKV»0«NCC    ji  / 


How  irymy  North  directions  are  indicated  on  this  illustration^ 
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(Seri^.  s  KsiaB} 
FRAME  #26 

la  adaition  to  the  series  msaet  all  tcpographic  maps  have  a 
series  nusber.    Aa  e>QFtTnpTft  of  a  series  muaber  is :  V83^ 

l^Bixy  times  there  are  isore  than  asm  seriee  of  maps  coveriog  the 
saste  geograiiiic  area.    ]Fbr  this  reason  each  series  is  giv«a  an 
identifying  nuzdber.    Series  nuohers  are  used  to  distinguish  different 
series  covering  the  - 


FRAME 

L 

Jfegnetic:  North  is  iihown  by  a  half  orrov:  ? 

1!his  porong  represents  the  direction  pointing  to  nagnetic  north 
in  the  declination  diagram.    Magnetic  north  is  t-'ie  direction  thet 
all.  coKpasses  point  to.    The  declination  diagran  indictites  the 
variation  in  degrees^,  minutes  and  seconds  between  grid  iiorth  an«. 


16 


(saoe  geogr&iiibic  area) 
FRAME  #17 

As  wltJs  tlie  slieet  nuafcer,  each  port  of  the  sexles  nusiber  (V83^) 
h&s  a  specific  a»aalJag  and  teHs  the  map  user  sooethiB^  about  the 
map.   Tim  flrait  eleaoKSfe  of  th«  series  misffler  w  be  eit^r  a  auaerical 
or  letter  desigoation,  depeadiag  upon  the  scale        size  of  xbs  area 
coacertsed*    lii".w*»ral8  &re  xise<i  to  indi.cate  the  cogtiaeRtal  area. 
Letters  tcoicate  the  f^e^:gaifclc  region  in  which  the  series  occurs. 
Medisiffi  81^  large  scale  mpe  have  a  letter  deslgEatioa  aa  tbitr  first 
elBBMat  mod  refer  to  a  partinHar  ., 


Ime^etlc  Eorth) 
FRAME 

Grid  Ifor^  is  repareseBte.-*  afi  a  contimmtloo  line  of  the  mp  grid 
that~ifirbroken  assa  has  the  letters  "GN"  witten  in  pert  of  it.    Gr  d 
north  is  the  ^^gti^T*  difference  in  direction  between  grid  oorth  anu 
true  north.    It  is  i«&sured  trast  or  west  of  true  north.    Grid  north 

is  represented  in  tJie  declinsition  dia^-am  by  the   

of  &  inap  grid  line. 


17 


#20 


lie  aeccsnd  oatxy  of  the  series  xwniser  ia  alwajTB  a  roaueri^  J^/vvi 
Itins  the  scaS  group  of  a  nap.    If  the  eeriee  niaber  of  a  1:25,000 
heet  were  V834,  w«  vouM  expect  all  1j25.00O  acale  nape  to  ha^e 
dca  msBber  with  the  number   as  the  second  entry. 


agrees,  51  mlmteiy 
E  #45 

■Siere  are  normally  two  caagrans  within  the  nargiiial  iafoioation 
first  of  ^ich  is  the  boundaries  diagraa.  ^^^^f^S^'^^.^ 
jttiature  of  the  map  area,  sho^  the  hoimdari^  that  occxir  vdtoia 
map  ai^ea-    An  exasr^ile  of  such  a  dia^im  is  shown  belowt    (Not  in 

'^^  INDEX  TO  BOUNOARlEJi 


.  How  many  states  wuld  be  portrayed  on  the  map  having  this 
gram?  37'^ 


20 


36.5" 


(No  response) 

FRAME  #19 


The  letter  breaiaEiown  for  the  ei^:--ra  world  shown  on  Plata  1. 
As  you  study  this  lilate  you  idJi  notice  that  th©  leter  "V"  Ijocates 
the  Iftaitod  States.    'What  is  covei^  by  the  letter  "Q"? 


(8  and  one/half  dfigmes) 

FRAME  #44  ,  "  * 

The  declination  diagram  is  also  iisxaally  aQCompaniad  notes 
that  explain  how  to  comert  from  on©  north  direction  to  another. 
An  example  is  ahown  below: 

TOCONMISIT  A 


Using  the  diagram  in  Frame  40,  what  :  3  ohe  distai^.ce  zn  degrees 
and  minutes  between  magnetic  north  and  trie  north? 


36.  g) 


(7) 

FRAME  ff22 

The  third  element  is  also  &lwa^  a  niimerical  ind&x  and  Indicates 
the  aiib-re.^ional  area  of  the  first  element.    In  seriee  ntaaber  VS34 
the  3  Indicates  a  sub-region  of  7.    The  exact  sub-regions  of  the 
United  States  ar  -  shovm  on  Plate  3*    Using  this  diagram,'  -what  would 
the  third  index  be  if  the  Bap  were  of  Floridav 


(5661  m) 

FRAME  S  47 

Adjoining  3h<j©"-£  ahown  in  the  diagram  by  dashed  lines  are  :'_n  a 
diflerent  series  and  lave  a  different  series  number  than  that  of 
tne  priaiary  map.    Th  3  new  series  number  is  always  indicate  li  the 
diagram.  Referring  to  the  preceding  Frame,  how  ma^  maps  have  a 
series  number  different  than  the    rimary  series  number.    What  is/are 
t.-.eir  number*? 


ERIC 


3cn 


Ibe  eact  scale  groupSags  2S«^  !ff  r^e^ce*^** 

nunb«>  is  KUte  2. .  Uaiag  this  lifffc  m  a 

l^^^W  acBla  B»p  would  b«r«  What  numbw"  for  its  second  eatiy? 


FRiiME  #46 

Adiacsrfi  to  the  bcundaries  diagraa  is  the  Hjoini^  ^ggts 
diai^  T^is  dia^»  ifl^ntifias  the  map  sheets  '^f'^^^^f^ 

thPdi^^is  located  on.    An  adjoining  sheet  ^a^^^ 
^JL^  t^Tfl*     ThTorfiaxy  nap  sheet  *js  in  the  center  of  the  diagrwa 

direc-.ly  north.  9outh.  ^  or  wes^  of  the  prlmaxy  map  study 

thfsheet  diagram.    The  sheet  directly  east  would  be  • 

(Not  in  colorT 


INDEX  to  AOJOtNINQ 
SHEETS 


I  


21 
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(United  States  -  City  map  -  western  sub-region) 

FRAME  #24 

The  fourth  entrj  identifies  the  isap  ypn  have  from,  others  "having 
the  same  scale  and  au*ea  coverage.    In  effect,  the  fowth  eXanent 
established  a  series  separation  aaiong  xmique  series  \Aose  fiirst  three 
elements  are  identical. 


(No  response), 

FRA!'..  ,  #49 

All  maps  shoiild  contain  a  User  Note.    This  note  is  important 
because  it  give:  the  people  who  work  with  the  map  an  opportiinit/ 
to  refer  errors  or  oriittions  to  TOPOCOM  'r*ho  in  t\im  "ose  this  infer- 
nation  when  evaJup  /iiig  a  particular  map  sheet  for  recosnpilation  or 
revision.  EjeBmjxLe: 


24 
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(No  response) 
i-TlAME  #25  / 

It  Is  possible  to  have  &  series  niaaber  with  4  or  mora  entries. 
The  fifth  entry  is  restricted  to  PhotoEa&pa  &M  special  purpose  la&pe. 
For  example'    F  indicates  a  plastic  relief  sjap;  V834P- 


(No  response) 

FRAME  #50 

All  maps  which  are  in  the  Department  of  Defense  Map  3upp.li'  Systsa 
contain  stock  number  identifications.    The  stock  nmaber  consiyts  of 
a  15  unit  designation 'which  reprssents.  in  sequence,  the  seri.^s  numbe 
sheet  nunber  and  edition  dat,e.  S'csmple: 

STOCK  NO.  5773X47793***10 


The  first  5  units  represent  the  series  number  "F773.C".  The 
letter  "X"  is  shown  as  the  5th  unit  when  the  number  has  only  4  ^irJ-ta. 
The  next  8  units  represent  the  sheet  number  "47793*^"-    The  symbol 

is  used  with  n^umbers  "ess  than  8  units.    The  last  2  units  are 
used  for  the  edition  "10". 


3 


I 


Rotiirn  to  the  bottom  of  page  1  (LEVEL  B)  for  Frame  #26. 


\ 

(Ho  ^eopoas©) 

FRAME  #51 

In  addition  to  the  general  inforaaticn  we  have  discussed,  it 
is  possible  tw^  have  special  scales  and  notes  added  to  a  map  to  aid 
the  laap  user.    Some  of  this  special  infonaation  includes  a  glossarj 
cf  foreign  terms,  security  classification,  coverage  diagram,  boundary 
i;otcs,  or  any  other  kij;d  of  apacial  ncte.    Any  additional  marginal 
information  that  is  added  to  a  soap  should  have  one  purpose :  to   


CO  TO  CELF  TEST  OK  PACE  2") 
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SEUF  TEST 


\Jaing  the  fuTol^had  lup  sheet »  uoawer  the  folle^iidJig  queetlonB. 

I 

I 

1.   ^4hat  is  the  sheet  name?  4 


FRAME 


2.  What  is  the  scale  of  the  oap?  14 

3.  What  is  the  nusiber  of  the  1:100,000  sheet  6 
series  this  oap  f alia  within? 

4.  What  date  was  the  map  corapOed?  35 

5.  i^t  ia  the  sheet  nusiber  of  the  sheet  directly  ^4^ 
north  of  this  sheet? 

6.  What  is  the  seiries  nvasS^r  of  the  sheet  16 
'dire<st2jr  south  of  this  sheert? 

7.  What  grid  zone  ia  used  on  this  sheet?  38 

8.  What  is  the  contour  interval  used  on  37 
this  loap  sheet? 

9.  What  do  the  black  nmabers  In  the  water  3Z 
areas  represent? 

10.  How  manjr  counties  are  shown  on  this  map?  45 

11.  Who  published  this  map?  36 

12.  iUvea  onl;?'  the  Stock  No.  E823X3884WII3*02,  ,  50 
identify  the  three  coo^nents  of  the  map  sheet. 


RESFGKSE 

FRAME  #51  (  aid  the  map  user) 


27 


1 


5 
6 

7 

d 

9 
0 


SCALE  GROUP 

1:5,0CX},Q00  and  smaller 

Larger  than  1:5,000,000' througti 
1:2,000,000 

Larger  than  1:2,000,000  thro^j^ 
1:510,000 

Larger  than  1:510,000  throng 
1:255,000 

Larger  than  1:255,000  throu^ 
1:150,000 

Larger  than  1.-150,000  throu^ 
1:70,000 

Larger  than  1:70,000  throu^ 
1:35,000 

Larger  than  1:35,000  (excluding 
city  aiaps) 

City  Slaps  (regardless  of  scale) 
Fhotomaps  (regardless  of  scale) 
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iNTRODUaiON 


This  self -teaching  text  in  map  reading  covers  those  skills  needed  by  everyone 
who  uses  military  maps  and  map  subatii  .tes.  It  provides  a  foundation  for  per- 
sonnel whose  trsiining  program  will  require  specialized  or  more  advanced  skills. 
Study  of  this  text  should  be  supplemented  by  practical  exercises  in  the  field  with 
map  and  compass. 


The  instructional  material  in  this  text  consists  of  six  parts.  You  should  studjA^^ 
them  in  the  proper  sequence  —  especially  Farts  I,  n,  and  m.  You  will  use  what 
you  learn  about  ^jrobols,  marginal  information,  point  location,  and  distance 
measurement  over  and  over  ag^n  in  subsequent  parts.  The  six  parts  are  as 
follows: 

Part  I.  •  Symbols  and  Marginal  Informatidn. 


Part  n.  Location 

Part  m.  Distance 

Part  rv.  DirecUon 

l^rt  V.  ReUef 

Part  VI.  Map  Supplements  and  Substitutes 

ORGANIZATION  OF  TEXT 

This  text  consists  of  frames  and  panels.  A  frame  presents  a  single  teaching 
point,  which  usually  requires  an  answer  to  a  si^cific  problem.  A  panel  is  an 
illustration  or  other  information  needed  to  solve*  the  uroblems  in  the  frames. 

The  problem  in  some  frames  requires  you  to  write  an  answer.  In  others,  you 
select  a  cortect  choice  and  draw  a  circle  around  it.  A  few  frames  are  called 
INFORMATION  or  REVIEW  frames  and  do  not  need  an  answer.  When  the  frame 
refers  you  to  a  panel,  find  the  correct  panel  (printed  after  the  frames)  and  study 
it  before  answering  the  question. 

HOW  TO  STUDY 

1.  Start  with  frame  1  in  Part  I.  Answer  it  correctly  by  "drawing  a  circle 
around  the  correct  choice  in  pencil. 

2.  Turn  the  page.  The  correct  answer  to  fmme  1  is  printed  in  parentheses 
above  frame  2  on  page  1-3.  If  you  were  incorrect,  turn  back  to  frame  1  to  re-study 

the  frame  end  change  your  answer  to  the  correct  one.  (Correcting  wrong  answers 
will  help  you  remember  the  teaching  point.) 


3.  Ajuwer  frame  2  by  fiUing  in  the  bUmks  with  tL  correct  wordi. 

4.  Turn  the  page.  Check  your  a&iwer  as  before  and  then  work  out  frame  3 
and  continue  in  the  aame  manner.  . 

MATERIALS  FURMSHBG^ 

You  receive  conaiderable  practice  with  actual  map-reading  materialB  in  this 
instruction.  The  following  materiala  are  etsential  in  answering  the  framea  in 
thia  tesct: 


TopogrftphSe  map:   Kanaaa.  1:50,000,  Leavenwoitb,  Sheet  7062  IV 

Pfaotomap:  Kansas  photomapa,  1:50,000,  lieave&worth.  Sheet  7062  IV 
(Printed  on  back  of  Li»venw<»th  topographic  map.) 

Plotomap:    Virginia,  1:25.000,  Fort  Belvoir  and  Vtdaity,  Special  Map 

(NOTE:  Disregard  the  photomap  and  topographic  map  printed  on  the  back 
of  the  furnished  pictomap.  References  in  this  teict  to  the  Fort  Belvoir  and  Vidnity 
Special  Bfap  are  to  thp  !?ietom*p  only.) 

Aerial  photogrsph  "A",  M-109,  Exposure  565 

map  riding  overlay,  keyed  to  the  Leavenworth  topographic  map. 

Protractor  with  map  scales 
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PART  t 

SYMBOLS  AND  AAARGINAL  INFORMATION 

-I   --II  . 

S«t  1-1.    TOPOGRAPHIC  SYMBOLS 

nUBfE  1.  *    \  '  ' 

A  topogimphie  map  is  a  drawing  of  part  of  the  earth'a  surface.  Rivers,  rodda. 
woods,  ai^  hills  are  shown  by  linen,  symbols,  and  colors.  What  is  a  military 
topographic  n^p? 


a.   picture  b.  drawing 


> 


] 


(brown)  (11) 
FBABfE  12. 

You  are  already  "recogniang"  roads,  railroads,  to#ns,  swamps',  and  orchaixis. 
Even  though  the.  map  is  a  drawing,  it  helps  you  "see^'  the  ground  from  above. 
Find  the  same  section  of  State  Route  92  in  the"  photomap  printed  on  the  reverse 
aide  of  the  map.  Which  view  permits  you  to  "see"  State  Route  92  more  clearly? 

s.   topographic  map     >    b.  photomap 


39  J  -^-1 


/ 


38^ 


(h,   )  <22>  ,  . 

FEAME  2$J  ^ 
Certain  Anny  units  are  identified  by  the  Ccmbat  Arms  RegiaientAl  System 

*  .*'        r  ■  - 

(psxL^il  lj2).  Under  this  system,  the  parent  units  are  designated  by  both  battaltos 
and  traditional  regimental  numbers.  Under  the  Combat  Arms  Regimentai  System 
(CARS)  both  battalion  and  traditional  numbers  are  shown. 


(SS) 


Refer  to  panels  1-4B  and  1-5B  and  the  Map  Reading  Overlay  provided  with 
this  text.  !p  wMch  area  is  the  minefield  located? 


a.  friendly 


b.  enemy 


385^ 


(b.   dnwitig)  it)  ■      t  ■ 

FRAME  2.  ^ 

.  Study,  the  colon  on  the  LSAVENWORlH  map.  Notica  Ibst  five  colors  are 
used  on  it,  Kn  you  "vould  expect,  blue  shpws  water  featurea  and  grara  shows 

vegetation.  Brown  shows  elevations  (hills  a:dd  valley).  The  colors  >  

and  show  manmade  features,  such  as  highways  and  buildings. 


r 


{%.   topographic  map)  (12) 
FRASfE  IS. 

Manmade  features  (roads,  buildings)  are  extremely  important  in  planning 
military  operations.  The  map  maker  wantk  you  to  "see"  them  clearly  so  he  drawn 
them  a  little  larger  than  they  would  on  a  photo.  He  uses  colors  and  symbols. 
He  is  careful,  however,  to  position  the  centers  of  the  symbols  correctly.  The  size 
of  manmade  features,  such  as  roads  and  buildings,  is  often  exaggerated  on  a  map 
so  the  reader  can  them  better. 


3 


(reKimeotal)  i23)  g 
FRAME  24. 

writing  the  CARS  symbol,  battalion  and  regimental  numbers  are  written 
together  separated  by  a  dash,  for  example  3-8.  In  the  symbol  below  3  meens  the 
3d  Battalion  and  8  means  the  8th  


3-8 


(a.    friendly)  (S4) 
FRAME  35. 

Refer  to  Panel  1-4B  and  the  Map  Heading  Overlay.  On  the  overlay,  find 
circles  with  an  X  inside.  What  do  these  military  symbols  mean? 


a.  supply  points 

b.  infantry  headquarters 

c.  coordination  points 


1—4 


ERIC 


3ST 

(reii,  blacky  (2) 
FBABSE  a 

Bright  red  describes  the  m^l:.  roads  shown  on  the  map.  What  does  the 
lighter  ahsde  of  red  Qn  the  LJ3AVBINWORTH  map  show? 

a.  raUroads 

b.  churches  and  post  offices 
c   built-up  ar^ 


(see)  US) 
FBAM£  14. 

FM  2X-31,  Topographic  Symbols,  defines  approximately  2$0  symbols  used  by 
the  map  makers.  However,  the  map  legend  contains  all  the  symbols  normally  re- 
quired by  the  map  r^der.  When  you  find  a  topographic  symbol  that  is  neither 

self-explanatory  nor  explained  in  the  legend,  you  should  refer  to  FM  - 

 if  you  need  to  know  what  it  means. 


(regiment)  (34) 
FRAME  25. 

Draw  the  symbol  for  Company  A,  8th  Battalion,  33d  Armor,  21st  Armored 
Division,  using  the  CARS  :»y^tem. 


(c   coordiniition  {lolnts)  (35) 
FRAME  S6. 

You  are  beginning  to  "see"  troop  units,  supply  points,  minefields,  and  bound- 
ary lines  in  the  military  symbols  drawn  on  a  situation  map  or  overlay.  Since  you 
cannot  expect  to  memorize  all  such  symbols  before  you  begin  using  them,  you 
use  PM   as  a  reference  when  necessary. 

f 


3  Of 


2>8^ 

iHiilt-ap  sraw.  Otiirrwifle*  a  elty  would  appear  in  hUuek  because  of  the  sym* 
boll  for  buildings  aad  would  be  hard  to  resAL)  (S) 

FRAME  4* 

You  have  learned  that  5  colors  are  used  on  a  large-scale  topographic  map  to 
show  the  different  features  on  the  earth's  surface.  Write  the  correct  color  or 
colore  in  the  space  after  each  of  the  following: 

a.  woods  and  orchards  

b.  contour  lines   

c.  nvers  and  lakes  

d*   roads    and   

e.   built-up  areas  


$«f  MIUTARY  SYMBOLS 

(21-SL   Memori^g  all  tofragraphic  symbols  before  you  naed  tliem  is  linprmeticaL 

You  will  l^m  them  more  effectively  trough  usi^e.)  (14) 

FRABfE  15. 

The  military  map  user  often  wants  to  ''see''  the  military  situation  —  location 
of  friendly  and  enemy  units,  command  posts,  observation  points,  supply  pointSt 
weapons,  defenses,  unit  boundaries,  and  so  on*  These  are  showu  by  miHtary 
symbols^  A  dtuation  map  shows  a  tactical  or  admii&istrative  situation  on  the 
ground  by  what  kind  of  symbols? 

a.   topographic  b.  military 


1  —  7 


£ 


8-3  3/^^ 


5S0 


(25) 


Field  headquarters  of  units  (Panels  1-1  and  l-4a)  are  shown  by  the  sym- 
bol with  a  stftff  attached  as  shown  below.  The  end  of  the  stalT  indicates  the  exact 

location.  The  unit  symbol  with  indicates  a  field 

headquarters. 


Set  1-3.    MARGINAL  INFORMATION 

(21-SO)  (36) 
FRAME  ST. 

On  the  LEAVENWORTH  map,  you  found  the  map  symbols  in  the  marginal 
information.  Later,  the  marginal  information  will  help  you  locate  points,  measure 
distance,  and  and  directions  and  elevations.  The  map  reader  needs  to  unden.tand 

use    ,  information  correctly. 


ERIC 


(ft.    green;       brown;  c.    blue;  d.    red  and  black;  e.    ntA)  (4) 

The  symbols  and  colors  used  on  a  military  map  are  explained  in  the  legend* 
Find  the  legend  on  the  LEAV^^^WORTH  map.  In  what  part  of  the  map  margin 
is  the  legend  located? 


^b.    miUtary)  (1^) 
FEAMB  16* 

Panels  1-1  through  1-5  printed  at  the  end  of  Part  I  show  the  military  sjTnbols 
commonly  used  on  situation  maps  and  overlays.  They  are  extracted  from  FM 
21-30.  Once  you  learn  the  system,  you  recognize  symbols  with  practice.  When  you 
find  one  that  you  do  not  understand,  you  should  look  it  up  in  FM  -  


a*   top  center 


b.   lower  left 


3q 

(■tell).  i2d} 
FRAME  27. 

In  the  space  below,  draw  the  symbol  for  an  infantry  company  headquarter*. 


(margfaiAl)  (37) 
FRAME  S8. 

In  addition,  marginal  information  enables  you  to  identify  msiffl  so  that  you 
can  requisition  them  properly  and  be  sure  that  all  uaera  are  referring  to  the 
same  sheets.    Specific  military  maps  can  be  identifiai  by  referring  to  the 

 :  information. 


1  —  10 


(b.   tower  left) .  (5$ 
FBAME  e. 

Refer  to  the  LEAVENWORTH  map.  Find  where  the  Chicago,  Burljngton,  and 
,  Quincy  Railroad  enters  the  map  from  the  south  (bottom  right).  What  does  the 
symbol  teil  you  about  this  railroad? 

a.   single  track  b.   multiple  track 


(21-SO)  (16) 
FBAME  17. 

Refer  to  Panel  X-1.  What  is  the  shape  of  the  symbol  denoting  a  military 
unit«  such  as  a  company,  battalion,  or  division? 


a.  round 


b.  triangular 


c  rectangular 


4  0  i 


11 


ERIC 


)  <2T> 


FRAME  28. 

A  field  he&dquejEters  ia  shown  by  the  unit  symbol  and  a 
which  hidicates  the  unit's  exact  location. 


(marginal)  (3S) 
FBAME  39. 

Elach  map  is  called  a  sheet  by  the  map  makers.  The  sheet  is  named  after  the 
most  prominent  feature  shown  on  the  map.  The  sheet  name  is  printed  in  the 
top  center  margin.  Refer  to  your  USAVENWORTH  map.  The  sheet  name  ia 


1  —  12 


ERIC 


i 


(h,  multiple  trtck)  (6) 
FBAME  7. 

Refer  i^j  the  LKAVEjhvORTH-  map.  Follow  the  Chicago,  Burlington,  and 
Quincy  Railroad  upwards  past  Horseshoe  Lake  and  the  town  of  Farley.  Before 
you  get  to  Green  Cemetery  there  is  some  swamp  or  marsh  on  the  left  side  of  the 
tracks.  What  tells  you  this  is  a  swamp? 


^rmbol  .ind  color 


b.  words 


< 


(c   rectangalar)  (17) 
FBAME  1& 

Symbols  indicating  the  size  of  the  unit  are  placed  at  the  top  of  the  rectangle. 
Small  u.  its  of  ^juad,  section  and  platoon  size  are  shown  with  1,  2,  or  3  dots 
respectively.  Refer  to  Panel  1-1.  Complete  the  appropriate  size  identifications 
on  the  troop  units  shown  below  by  putting  the  right  number  of  dots  over  the 
squad  and  platoon  s>'mbols. 


SQUAD 


SECTION 


PLATOON 


1  — IS 


ERIC 


o 

ERIC 


(titaff)  (28) 
FiSAME  29.  . 

Refer  to  Panel  1-3.  VSHilch  of  the  following  symbols  show*  an  ammuniUon 
supply  point? 


® 


(Leavenworth)  (SB) 
FRAME  40. 

The  series  name  defines  the  larger  geographic  area  covered  by  a  group  of 
sheet*.  It  is  often  a  state  or  a -country.  The  series  name  is  printed  in  the  upper 
left  margin.  Refer  to  the  LEAVENWORTH  map.  Its  series  name  is   


"f  o 


1  —  14 


3°n 


(A.   tymbol  ftud  color)  (7) 

You  were  able  to  identify  the  'symbol  for  a  swamp  area  by  checking  the 
 in  the  lower  left  margin  of  the  LEAVENWORTH  map. 


O 

platoon)  (18) 


(squad  M^ioa 
FEA^IE  X9. 

One,  two,  or  three  short  vertical  lines  Indicate  units  of  'company,  battalion, 
and  group  (or  r^{iment)  tuse.  Refer  to  Panel  X-l.  P^ce  the  cocre  i  number  of 
vertical  l|nes  over  the  battalion  and  group  symbols. 


CX>MPANy 


BATTALION 


GROUP 


4 ' '  s 
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ERIC 


(«.    U  N      )  (29) 


frIBAME  SO. 

Refer  to  the  overlay  fumiihed  with  thia  text.  When  this  overlay  ia  correctly 
placed  over  the  LEAVENWOHTH  mip,  It  thowi  a  tactictfl  situation  on  the  north- 
west (upper  left)  portion  o(  the  map.  The  military  gituation  is  shown  on  the 
overlay  ,  by  . 


CKantMii)  (40)  -  _  ^ 

To  3horten  the  sheet  name  and  ^erien  identificeUotit  a  Mheet  number  is 
printed  in  the  upper  fright  comer  of  the  nfap.  On  very  recent  maps,  it  is  also 
shown  in  the  lower  left  corner.  Refer  tp^^e  LEAVENWORTH  map.  The  sheet 
aumber  for  the  Leavenworth,  Kansas  1 ; 50,000  map  is  


/ 


in 


■  ■  » 

1^16 

ERIC  .  . 


(l^ead)  (8) 
FBASEB  9. 

Refer  to  the  left  edge  of  the  /^VEKWORTI^  map.  Find  whef^  State 
Eoute  ^2  enters  the  map  and  trace  it  to  the  top  of  Knob  Ridge  (jiut  before  it 
turns  right  into  Leavenworth).  What  tella  j£)U  this  is  a  state  route  rather  than 
a  Federal  route?  ^ 

a.   color  b.  symbol 

•  ■  X- 

^ 


Coompany  baltalkA  groitpl  (19) 

Larger  units  are  identified  by  one  or  more  letters  X.  Refer  to  Panel  1-1.  Place 
the  appropriate  size  identi^cation  on  the  units  indicated  below  as  required. 

BRIGADE  DIVISION  CORPS 

ARMY  ARMY  GROUP 


4iM 


4-00 


V  (miUt«ry  symbols)  (S  I) 

FBAME  SI. 


Paneia  1-4  anJ  1-5  describe  the  main  miliUr>'  symbols  used  on  situaUon 
maps  aad  overlaj-s.  From  Panel  and  other  panels,  draw  the  symbol  which 
would  show  the  future  location  of  the  2d  Infantry  Bn  Headquarters. 


<7062  rV)  (41) 
FRAME  42. 

In  the  lower  right  comer  of  the  LEAVENWORTH  map  is  a  diagram  showing 
the  Index  to  Adjoining  Sheets.  It  identifies  the  sheet  numbers  surrounding  your 
map.  Note  that  sheet  number  of  the  LEAVENWORTH  map,  7062  IV.  is  in  the 
heavily  outlined  box.  If  you  needed  the  sheet  to  the  left  of  your  map  you  woul.d 
ask  for  sheet  number   . 


1  — 18 


40 


(b.  ftyxB&ol)  C9) 
F&4li£  la 

Refer  agaia  to  State  Route  92  on  the  LEAVENWORTH  map.  Oa  the  right 
tide  of  the  road  Just  above  the  word  Knob  ia  an  orchard.  How  do  you  know  thii 
ia  &n  orchard  inatead  of  a  vineyard  or  a  woods? 


color 


b.  eymbol 


,  i^ii 


eorps 


army  sronp>  (20) 


(Inigade  division 
FRAM£  21. 

In  addition  to  size,  the  arm  or  branch  of  service  of  the  unit  ia  indicated  by  a 
symbol  inside  the  rectangle.  Refer  to  Panel  1-1.  Which  of  the  following  ssrmbola 
represents  an  artillery  battalion? 


4' p. 


1  —  18 


^2L 


<  )  (SI) 


FIL%ME  82. 

Refer  to  Panel  1-4D.  On  a  situation  map,  which  of  the  following  would  show 
the  boundary  between  two  battalions? 


 ■  ^ 

(6962  I)  (42) 
FRAME  43. 

Examine  the  numbering  and  you  will  see  four  "7062"  maps  in  a  group.  The 
upper  right  one  is  labeled  I  and  the  others  increase  clockwise  (11.  Ill,  and  IV). 
To  the  left  of  7062  IV  is  6962  I.  What  is  the  sheet  number  of  the  next  sheet  to 
the  left  of  6962  I? 

a.    6962  in  b.    6962  IV  c.    6862  I  d.    7062  IV 


If 


i— 20 
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403 

(b.   symlK)!)  (10) 
FBAME  11. 

Refer  again  to  the  orchard  near  State  Route  92.  In  the  eastern  (right) 
ha'i  of  the  orchard,  find  the  figure  1100  Inserted  in  a  brown  line.  This  means 
that  the  hill  along  that  particular  line  is  1100  feet  above  sea  level.  You  can 
tell  that  the  1100  means  elevation  rather  than  something  else  because  the  number 
is  printed  in  a    color. 


rum  back  to  bottom  of  page  1-1  for  frame  IS 


(c.  .  The  round  black  dot  means  artillery  and  the  two  lines  indicate 

a  battalion.)  (21) 

FRAME  2S. 

Refer  to  Panels  1-1  and  1-2.  Using  what  you  learned  in  previous  frames, 
which  of  the  following  symbols  would  identify  the  14th  Armored  CJavalry 
Regiment,  7th  Army? 


XXXX 


'4/7 


rum  back  to  fo-"  of  page  1-2  for  frame  2S 


404- 

(a.  )  (32) 
FRAME  3S. 

Again  refer  to  Panel  1-4D.  Draw  the  symbol  that  would  show  the  defensive 
area  held  by  B  company,  2d  Battalion,  3d  Infantry. 


Turn  back  to  bottom  of  page  2-2  for  frame 


(b.  6963  ly.  If  you  didn't  select  tMs  answer,  the  diagram  below  lOuatrates 
tae  numbering.)  (4S) 


FRAME  44. 

In  addition  to  the  sheet  number,  a  series  number  assigned  by  the  U.  S.  Army 
Topographic  Command  (TOPOCOM)  gives  coded  information  about  the  map 
sheet,  such  as  the  region  of  the  earth  where  it  falls,  and  the  scale  of  the  map. 
The  series  number  is  printed  beneath  or  next  to  the  sheet  number.  The  series 
number  of  the  LEAVENWORTH  map  is   

1  —  22 
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PANEL  1-1 


UNITS  AND  INSTALLATIONS 


A  MM  la 


AMi 

Im     «  MM  (Staff  it  to  UM 


4  iH^NiiMi 


□ 

o 


I 


9(1  MN^liilc  Mi|^ 


SIZE  INDICATION 


Amy 

Amy  Grvvp 


JUJL 


A 


•    •  • 

I 

it 

III 

X 

XX 
XXX 

xxxx 
xxxxx 


^A  pIftlMl)  (A  CMlMr  (AOTTf 


A«i  am  nui«cH  op  snvici 


A«^  iM«H€|r  Al^My 
Arctii^ry 


cfciirBi  (eat) 


C«Mt  ArUllny 


Military  iMCttllifMis* 


Civil  Affaifii 


Milieary  Poliea 
•i^l 


1—24 


V«t«rittAry 


I  asa| 


IZ! 

[m{ 


EB 
ED 

2] 


MP 


0 


ERIC 


PANEL  1-2 


UNIT  DESIGNATION  AND  BAS^C  SYMBOL 

To  iadkmtt  a  pwticaUr  unit  or  {naUiUtion.  tk*  partnt  vait  dtiigiMtUm  it  pla^ 

imnudiaUlv  to  tk$  right  of  tkt  bone  wnit  or  tuttoUotiow  lynOiot;  ■dditfontlly.  tb«  pftmt  unit 

mar  b«  uiHt«rliii«d.  Hifbtr  •eh^^  of  coisnumd  follow  to  tht  right  of  th«  pamt  unit  dwignatioa. 

To  tbo  lift  of  tht  buie  innbol,  tubordiutt  unitf  ur«  shown.  SiuhM  Mparato  command  oelMi  ni. 

Only  f»w»i«m»  DUBMnla  art  uaad.  Tlif  Mrrangtmant  of  varioua  c«nbinatioat  ot  lyrabola  to  dtpict 

ipocifie  unite  or  ioftallatioa  ia  ahown  in  tht  following  diagram: 


SUB* 
SUB- 
SU8 
UN^T 


/SUB- 
SUB 
UNIT 


SIZE 


^SUB 
UNIT 


Bf^NCH  OR 

DUTY 
PERFORMED 


HIGHER 
PARENT  UNIT/  ECHELONS 

OF  COMMAND 


ADDITIONAL 
INFORMATION 


//  qnlv  OHt  tvp*  of  vsut  it  attigntd  to  a  miHtary  orgamsation  and  ^  tht  vnii  it 
ndt<tuattlv  idtntifitd  bf  otktr  miUtarv  rvmi^,  i^  duigiuitiom  may  bt  omiUtd. 


-UL. 


U       CM  < 


tq/^    ^  Ate 


.  M  f>N<it> 


,  .lU  m 


m 


m 


ERIC 
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PANEL  1-2  (Continued) 


CX)BIBAT  ARMS  RJE^IHENTAL  SYSTEM  (GARS) 


^^^XT-Af^^^'^r.^^:^  S.  Army  .nd  1.  te^:?rtrc.X  Am. 
vS^T^  rCAJZS;.  Undw  tb*  cabs  •jntem,  pmit  unite  axi  dwigiutad  by  botfa 

ITS*  nS^i  tLilT'^"^  •*««<r«.*<(HM  or.  «^  eoaitik«.  «d  ..ponK^  6^ 


k  AM 


1^0 


a.  Ml 


It 


1  — zs 


PANEL  1-3 


4C8 


LOGISTICAL  AND  MEDICAL  INOTALLATIONS 


AfWfnniilH—  —  Air  Fores 
AwiimltioB  —  Anay  ArlaliaB 


AmnwwttfaiB  ~  Arttttey 
Anunualttoo  —  rocktC  and  fuidad  ^Q) 

Ammuaitioa  — >maU  areu 
Food  SuppllM 
Gnvoi  MiTko 

P<teol— I,  otU  ud  iubriemata 


Air  Foret 


(D 


DefifBstioii 

Ptti«twi»,  oil*  t»d  lubriesttU- 
Anajr  — Avttltoii 

8^ 


Tnfie 

CUoo  a  and  IV 
CoUoctiag  pointaj 

a.  CIvlllaa 

b.  Prlaonar  of  war 

c.  Saivaga 


® 

e 


PIPEUNES 

PipiUiiit  for  nflsod  poMoya  pradueli  (ludkilt iSm in fudiM, tf  i«qaind)  anibowDM: 

omum  0   p   d  s: 

ft.  t«oum  nszrmzrmr 

a.  ItoiUM  nai   iiii  TCTT 

d;  SuNMTvad  (om  Ilat) 
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PANEL  MA^ 
SITUATION  MAFS  AND  OVERLAYS 

COLORS 

t 

«.  Colon  la  eoajuaelfoB  witli  milltulV  lymbob  diooU  tlii  fottowiaf : 
U)  BItM  or  A£Mle  — PrfoDdlj  unita,  fnt^i»tffiTw,  o^uipnwt, 

(2)  —  SMntf  uisiti,  fniraniHngi.  oqtiipMt. 

Hid  tetivitSML 

(S)  YoUow  ^  Frkadir  or  mme^  anu  of  cbooilaa, 

Molofie«I,  or  rwUologksl  contsrafaattoe. 
(41  uma  — FrMIy  or  OBiBv  ma&^atdt  irMaflwL 

0.  ij^otbw  oofeni  art  UMd,  a  luitablt  oKpUmatkn  iB  tht  maifiB  or 

PRESENT  AND  PROPOSED  LOCATIONS 
BmIc  unit  and  InaialUyoa  tjfmboU      drawn  with  aitliar  aotid  or  bttto  Uam. 
The  lower  left-hand  corner  of  the  symbol  indicates  the  location. 

«.   A  aolfd  Uoa  rq»«MBta  a  praaaal  ot  actual  iocaHoa. 
b.   A  bKtlua  line  todieataa  a  f ulara  or  projaetad  loeati^ 

j^HP 

Examplio:  1^  ^i 


I 
I 

(Tha  location  of  aa  iafaatry  battaUoa)         {Tha  Euojaetad  location  of  tha  baadquartos 

of  aa  anaorad  diviii<Hi) 

DATE-TIME  GROUPS 

Data  and  Mmat  luch  aa  tha  opantnf  of  an  inalaUation  or  the  ^pcetad  arrival  of  a  uaft  in 
a  avm  location  may  b«  written  undar  or  Inaida  tha  lymbol.  Data41m«  groujla  ara  uaad: 

Esamplea : 

0914308 

( Praaent  location  of  an  obsf  rvation  poat  which  ( Putura  lo»tioB  of  tha  bttdquaHan  of  aa 

opened  at  1430  houra.  Time  Zona  B.  infantry  dtviakm  which  ia  icfaadalad  to  opaa 

tha  9th  of  th*  month).  at  1800  houra,  Tlma  Zona  A,  tha  lOth  of  tha 

PRECISE  LOCATIONS 

Baiie  symboia  othar  than  tha  headquartan  aymfc^  may  ba  ptacad  oa  a  e«$tral  ataff  ' 
which  ia  extended  or  bent  aa  required.  Tha  and  of  the  staff  iadicatio  exact  kicatimi. 


Examptea  t  ^ 

« 

1-28  Ijr^ 


4 
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PANEL  MB 


EEIEKY  FORCES 

Md  forafga  uBiCa,  wtApoaa,  «ittipmiat,  tod  Mtitrlttea  WImb  N^iriMatlBf  upprtltodox  uafto  wkl 
b.   If  oalf  OM  eolsr  Is  ftVftUab^«Mmy  ijrwIwtoAraotttil^ 


A 


(SiMiiir  lafMtiy  divifiloBi 
«.   A  qtMUkii  maxk  and  In  coejusettoii  wilb 
or  UBeonflratd  UfomfttkNi.  thm  po^tkw  of  III* 
!•  uaknowm  or  uieoBflroMd. 


(ITntniy  ohttryiMrtit  poil) 
mark  fl»wt  «^  infonnaUoA 


r  Sf 


iUL 


(All  iBformstioB  ibown  ts  unQOttflmMd) 


(Hw  tiM  of  Um  MMrny  iafsnlcry  unit  ia 
uBcoBflnwtd) 


(TIm  typ*  of  mmxy  ratinMai  li  unloHtwa) 


(Tho  unit  dwipuitioa  of  tfat  •nonqr  tutli 
bstlAUoa  ft  uaknowB) 


COIfTROt  POINTS 

Coatroi  jsoinli  art  drawn  on  ti»  sokcUd  tairais  faaturt  a»d  ickctlAad  la  tboivn  b«k>w. 

E»pl»ti«tton  and  R^mrfci  .  Sirmtiol  

A  ektek  poMt  eon^^  of  a  dRk 
iackMisf  a  a^actad  tarrain  faalura 
with  a  ntimbw  plaead  larida  tlia  dreJa 

A  eoordinatioB  potot  la  ihowii  bjr  duaw- 
iRf  a  drckf  cm  tlM  aakctatf  l«Taf  a 
faatura  and  pladsf  an  "X**  fa  tka 
cMtar.  Ooordlnatkia  points  ar«  uasd 
fa  nwjunetkMi  witli  bouadartas  to 
dtsifnata  .daftaaiva 


Examplat: 


FEeA 


0 


FEBA 


Forward  Edgt  of  tha 
Battla  Aria. 


A 

COP  op     DO  COP 

Combat  Ouipo^ 


FE6A 


FEBA 


GOP 


Traiea  of  tht  Ponurd 
Edfi  of  Uia  Battta  Araa. 


GOP 
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PANEL  I^C 

SITUATION  MAPS  AND  OVEELAYS 


FRONT  LINES 

m.  Front  Ifnie  «r«  mftrktd  by  •  tmtim  of  Itoat  which  curv*  mwrny  fntm  opposinf  fore«i. 
If  ontr  OM  oobr  ti  uaid,  wefny  front  ItBM  an  r«pnMPt«l  by  doubt*  U|(f«. 


Kxaaipt«: 


■  h.  nUaly  tMki  or  |Mtroll«t  pAiti  of  tho  l\nm  an  markad  aa  a  aariaa  of  dota.  If  ooiy  mm 
color  ia  uaad.  thlaly  h«M  m*my  Hota  an  i^rawstad  by  op^g^iota.  Tha  dola  do  not  tndlcata 
•tnafth  or  locMloa  of  patjn^ 


Eitampla: 


O   O   O   O   O   O  O 


OBJECTIVES 

ObjacUvaa.and  intarmwliata  objactivaa  an  ineloaad  and  idtntilitd  by  tha  abbnviatloii  OBJ 
a  nurobar,  laltar,  coda  nama,  or  unit  daaignati^ 


Examplia: 


ASSEMBLY  AREAS  (UNDEFENDED  AREA) 

Aaaambiy  anaa  an  ineloaad  and  tha  unit  lyinboS  ia  pJacad  in  th'^  ctntar.  P)  opoaad 
aaamMy  arwa  an  ahown  with  hrokm  Ilnaa. 


Exanptai: 


(Aaatmbly  Araa,  Task  Forea.  3d  Tank   (Propoaati  Aaatmbly  Area,  Taak  Forea,  ^ 
Battalion.  SS  Annor)  -  3d  Taak  Battalicm.  S3  Armor) 


r 


4-1  z. 


PANEL  1-4C  (Continued) 


AXIS  OF  ADVANCE 

c  Att  ftxk  of  •dme*  ti  Bora»Uy  sMiffMd  i  codt  t^m  or  wOt  dilgMtVw  Hmo^m 
tm^  IndlefttM  th«  giaw*!  raute  to  b«  f ollowid.  A  propotid  «xis  of  ftdviBM  fa  ibows  la  toohw 
Unw  tod  ^btlad  witli  tlM  timt  or  eottdiUoa  wImb  •ffactivv.  TSm  poi»^  of  llM  mtov  toudiM 
ttw  objoetiv*. 


b.  To  dlff«nnti*to  bolwoM  s  frcMuid  axis  of  a^vaoet  aad  an  «^  aaaaiitt  cairo/  •iMtm*, 
a  Iwia6  la  ptacad  la      ihafl  of  itia  opaa  arrow  aynitioUG  of  a  pnHJallar. 

( 


Sxampla: 


DIRECTION  OF  ATTACK  AND  EOUT^  OF  MABCH 

A  diraetkn  of  attadc  arm  ia  nol  labaiad.  Rotttaa  of  mareli  (advaaca,  vithdmwal.  main 
wippty.  kc.)  hollar,  ara  labaiad  witb  tis^  purpoaa  and       nama  or  ualt  dMiknattoa. 
Tha  anow  foUowa      apaeiik  routa.' 


Exaiapla: 
CONVOYS 


ROUTE  OF  MARCH,  3-52  INF 


a.  Convoy  of  vtblelaa  art  rt!>r«aaatad  by  aa  arrow  b  tha  dtcfCtioA  of  movMMMit;  tba 
point  of  arrow  Indieataa  th#  locAlioa  <^  tha  haad  of  tba  coluiaa. 


(If  tba  eonvox  U  balt«d.  tba  arrow  U  ihown 
fadac  toward  tba  raar  of  tba  eoluaia) 

ft.  ThU  lymboi  raar  ba  abowa  witb  tlM  appropriata  vahida  ijnnbol  to4ndteat«  tba  tjrpa 
ftiKt  Bumbof  of  vabidaa  la  tbt  column.  Ukawiaa,  tha  d«ta  aad  Uroa  may  b«  addfd. 


ElxampSa: 


C 


(A  column  of  12  modium  taaka  at  092S  Z 
houra  on  tha  25th) 


•J  ■;■ 


1— SI 


1-13 

DEFENDED  AREAS 

If  an  ATM  fa  occupiad  and  dtfuiM  of  tht        it  pfapand,  a  Uim  iadudiar  tb*  ti^  lyintel 
of  Uw  dafondinff  uait  ineloMt  Um  ktw;  th«  doMd  tidt  of  th«  irmbol  ia  oritatod  towanl  tii« 
moat  likaljf  ananiy  thraat  If  daairad.  tha  miliUiy  lyfntxa  of  tha  dafandlBf  unit  may  ba  aofimd 
In  tl|«  eantar  of  tba  incloaad  araa. 


Exainpli 


(Dtfanaiva  am,  2d  Platooa,  C  Omipany.      Propoaad  (D^aaaiva  araa.  B  Coiapaay. 
lat  BatUlioa,  6lh  Infaatiy)  Sd  Battalion,  62d  Infantiy) 


LATERAL  BOUNDARIES 

Boundariaa  ara  markad  by  a  K^id  lina  with  tho  tiM  indicalioa  of      uail  abowa  at 
convanltnt  inlarvaia.    Tha  daaigaa^iima  of  uoita  Ktpplaioantad  by  arm  or  bianeh  mod  aatk»al 
daaignalioa,  if  naeaaaary.  ara  plaead  on.aitiiar  lida  of  tha  aiza  indkatloii.  If  a  lataral  botmdarr 
Mparataa  unita  of  unaqual  aica,  tha  iymbol  for  tha  largtr  la  uaad. 
ExamiiSaa:  * 

1  I  I 

'  j  3  O'V  I  s  2  3  I  I4ARM0  CAV 


« Boundary  aaparatof  let  Corpa     (Boundary  aaparataa  lat  and        CBoundwy  aaparatw  Sd 
Mid  Sd  Diviaion)  2d  Br^gadaa)  Diviaion  and  I4th  Armorad 


Cavalry  Kafins«it) 


REAR  BOUNDARIES 

If  a  raar  boundary  la  ahown,  tha  aiaa  indication  aloag  tha  boundary  eosraap"  idi  to  tha 
nnaMar  unit  or,  in  othar  worda,  to  tha  omunandad  unit  and  not  tha  eommandlnf  unit  Arm  or 
branch  and  naUonaiity  of  unita  ara  shown  whan  raquirid  to  prwanl  omfuaiim. 
Exam  pi  as : 

  ^3  I  14  ARMO  CAV 

J^J  '  '  Ml  — — 

5  CORPS  -       5  CORPS 

{Raar  boundary  saparataa  4Sd  Diviaion   iUmr  boundary  asimtM  Hth  Armorwl 
and  Sth  Corps)  Cavalry  Ri^m^t  and  6th  Corpi) 


m 


PANEL  1-5  A 

FORTIFICATION  AND  OBSTACXX  SYBfBOLS 

FOmFKATTON  SYMBOLS 


w 


Two  «m|ii»c«m«Bi9 
%mpim€9m%m  lor  « 
Tkr««  fowii9i»»  for 


I — I 

-TLTLTL 


Tr«MilvttbMvb«yv  fS 


Ptfi  bois  or 


JL 

□ 


OIISTACLES  OTBEK  THAN  MINKS 


ERIC 


T^k  ditch 

Tmmk  ditek  eoYorM 

SlMkoft»  or  rm&k  or 

Tolrftliodroii.  drafMo' 

\ 

Mov^  «nd 


Uo«li  otiior 


A 


Kosd  blocka,  crmton, 


Ttpo  tfMpodi^oi 
CoAcorliM.  tiagk 
CoffieorUna,  miHipif 

Sln^  f^ico 
Double  fOMt 
DomMo  ftpTMB  fffftCe 

Low  wir«  fonev 
H'tfi  wir«  tm^ 


X  X  X  X  X 

XX  X  X  X 
XX  XX  XX 

xxxxxxxx 

X  X  X  X  X 


— t — 


8S 


PANEL  1*5B 
MINES 


4lS 


Expluuilimi  el 
Sr»boi 


MImk,  type  ttakacnni 


Minw,  MtipirmuMf 


Smboi 


0 


Symbol 


CIu^«r  of  mtnw 


MlnaAttM 


Mititflflki  of  400 
mixadt  MttlUnk  and 
antlparaonnaJ  miitaa 


M fnaa.  antitank. 


Doubia  aniftasb  minaa 


BooMrappad  doubSa 
antitank  minaa 


^kwbytrapa 


m 

0 

6 


M in«4lel€l  of  600 
sntiUnk  minm 


BdiradsTki 


Uifwieail  trim 
^  of  ntett 
tmteowi 


6001 


M 


-M 
M- 

o 

'II' 


M 


M 


AatJparaMOMi  mioaa 
eimnaetad  to  tHpwira 


Row  of  aatitAnk  mtnas 


Row  of  antiEtara  nal 
mtnaa 


ERIC 


PART  H 

LOCATION 


S«f  2-T.    POiNT  LOCATfON  BY  GRID  COORDINATES 

A  grid  m  a  network  of  evenly  spaced  horisontal  and  vertical  licea.  These 
lines  form  squares  on  a  miiitary  map  to  help  locate  points  (targets,  road  junctions, 
command  poats,  and  so  on)  quickly  and  accurately.  The  pid  on  a  map  consiHts 
of  squares  formed  by   and    lines. 


» 

S55S  (If  you  m&rked  5SS5  you  made  the  mistftlee  of  pl&cfng  the  northing 
number  llrBt))  (14) 
FRAME  ?5. 

F^nd  the  Federal  Penitentiary  located  just  north  of  the  city  of  Leavenworth. 
What  are  the  grid  coordinates  of  the  grid  square  in  vrhich  most  of  the  penitentiary 
ia  located? 

a.    3256  b.    3355  c.  3454 


Ml 


Ca.  S52578)  (28) 

Si'KAME  29,  ; 

Practice  what  you  have  learned  about  writing  grid  coordinates.  Write  the 
6-digit  coordinates  for  point  %   


58-j. 


57. 


T — i — I — \ — ! — ( — I — I — [— 

-  -H— f-  +  -H-f-  +-f--h' 


-i  i  L. 


35 


36 


{h,  3855)  (42) 
FRAME  43. 

The  6-digit  coordinates  locate  points  on  the  LEAVENWORTH  map  to  within 
100  meters  of  their  actual  location  on  the  ground.  Writing  8-digit  coordinates  gives 
10-meter  accuracy.  In  8-digit  coordinates  the  4th  digit  is  added  to  the  left-to-right 
reading  and  the  Sth  is  an  addition  to  the   reading. 


•i 


ERIC 


<y  418 

(horizonUl,  vertlcsl)  (1) 

FRAME  2.  INFORMATION  FBAiME. 

The  horizontal  aaa  vertical  lines  are  numbered  in  sequence.  In  the  figure 
below,  the  vertical  grid  lines  are  numbered  33,  34,  35,  38  and  37.  reading  to  the 
eaut  from  left  to  right  Because  they  measure  distances  e«titward  they  are  called 
"stings".  Reading  north,  from  the  bottom  up,  the  horizontal  grid  lin^  are 
numbered  54,  55,  56,  and  57.  Because  these  horizontal  lines  measure  distances 
aortliward,  thay  are  called  '*nortMag<i". 


57- 
36- 
55- 


33     34     tS     30  37 


(b.  3S55  (Grid  Use  SS  (to  the  right)  and  55  (up)  crosa  at  the  lower  left  corner 
of  the  grid  sfiuaire  In  which  fhe  major  part  of  the  penKtentiary  Is  loc&ted) )  (16) 

FRAME  16. 

Locate  grid  square  4466  on  your  LEAVENWORTH  map.  What  is  the  name 


of  the  church  located  in  this  grid  square? 


(If  you  did  not  write  this*  number  correctly,  turn  back  to  frame  IS  and 
review  the  Ntep«i))  (23) 

FRAME  SO. 

Any  scale  or  rule  that  divides  the  aide  of  a  grid  square  into  tenths  can  be 
used  to  read  6-digit  coordinates.  Look  at  the  plastic  training  aid  provided  with 
this  text.  Find  the  two  L-shaped  scales  divided  into  tenths.  These  scales  are  used 
to  read  6-digit  


Set  2-2.    RELATING  POJNT  LOCATION  TO  THE  MILITARY  GRID 

REFERENCE  SYSTEM 

<buttom-up)  (43) 

FR-VME  44.   INFORMATION  FRAftlE. 

In  the  following  frames,  you  will  learn  how  your  LEAVENWORTH  map  fits 
into  the  total  military  mapping  program  —  the  Military  Grid  Reference  Syste.n. 
L'ging  the  knowledge  of  the  Military  Grid  Reference  System,  you  will  then  learn 
how  to  report  your  location  on  the  LEAVENWORTH  map  to  a  distant  head- 
quarters or  unit. 


4-2.0 

(Go  tok  to  B6xt  fnuiie)  C2) 
FBAME  3. 

Find  the  numbers  for  the  grid  lines  on  your  LEAVENWORTH  map.  The  line 
numbers  are  printed  ip  the  map  margin  and  also  iji  heavy,  black  type  in  the 
middle  of  the  map  itself.  Reading  from  left  to  right,  the  eaatinga  are  numbered 
from    to  49. 


(Flintlpck  Church)  (16) 
FBAME  17. 

On  your  LEAVENWORTH  map,  what  school  is  located  in  grid  square  4155  ? 


4ZI 


.  (coordlnateji) 
FBAM£  31. 

Find  grid  square  3S47  on  your  LEAVENWORTH  map.  Place  the  correct 
L-sbaped  scale  of  your  plastic  protractor  exactly  over  the  lines  which  form  the 
grid  square.  Which  of  the  two  scales  on  the  plastic  protractor  fits  exactly? 

».    1:25,000  h  1:50.000 


(Go  OQ  to  next  frame)  (44) 
FRAiHE  45. 

The  standard  Military  Grid  Reference  System  divides  the  earth  into  zones 
ar:d  tiers  (see  Panel  2-1).  The  zone  reading  "to  the  tight"  is  in  numbers,  1  to  SO, 
and  the  tier  reading  "up"  is  in  letters,  A  to  Z  (without  the  I  and  0).  The  combina- 
tion of  zone  number  and  tier  letter  is  callsd  the  GRID  ZONE  DESIGNATION. 
The  grid  reference  box  on  the  LEAVENWORTH  map  (center  of  bottom  margin) 
explains  the  GRID  ZONE  DESIGNATION  for  the  location  of  the  map.  What  is 
the  GRID  ZONE  DESIGNATION  for  the  Leavenworth  map? 

s*.    403622  b.    UP  c.  15S 


2  —  6 


ERIC 


(28)  <S)  ^ 
FBAME 

Reading  up  from  the  bottom  of  your  LEAVEIWORTH  map  in  the  right 
margin,  what  are  the  numbers  of  the  northings? 

*.    5  to  41  b.    46  to  73 


(Eldorado)  (17) 

FBASfE  1& 

On  your  LEAVENWORTH  map,  what  school  is  seated  in  grid  square  4550? 


1  ■' 


4-Z5 


FRAME  S2. 

V 

The  sketch  shows  how  to  place  the  scale  for  the  ieft-to-right  reading  at  the 
imaginary  line  Inside  the  grid  square.  Notice  that  point  A  is  7/10  of  the  distance 
from  line  38  to  39.  What  are  the  first  3  digits  of  the  gr  \  coordinates  ( left-to- 
right  reading)  ? 


ifc.  381 


b.  385 


c.  3S7 


(c.  15S  (Xumbt>r*»  to  the  riKht  (column  15)  and  letters  up  (tier  S)  (Pane!  2-1)) 
(45) 

FRAME  46. 

The  grid  zones  are  further  subdivided  into  100,000-meter  squares  identified 
by  two  letters  which  are  also  read  to  the  right  and  up  (see  panel  2-2).  The  grid 
reference  box  identifies  the  100.000-meter  square  in  which  the  LEAVENWORTH 
map  falls  as   :  ^, 


ERIC 


) 

\  4-14- 

(b.   40  to  7S)  C4) 

You  alwuys  begin  to  locate  points  by  bcgimunif  In  the^wer  left  comer. 
Pirtt,  you  read  the  ^tlogs  from  left  to  right,  the  northings,  you  read  from 
tjse  bottom   '.  . 


(Lttnter  School)  (18) 
FBAME  19. 

,  p. 
Four-Kiigit  grid  coordinates  locate  a  gri^'  square.  Six-digit  coordinates  pin% 

point  objectB  in&ide  a  grid  square.  For  example,  3625  locates  a  square  and  S68254 

locates  a  road  junction  inside  that  square.  The  number  8  is  added  as  the  third  ^ 

digit;  the  nuraber  4  is  added  as  the  .  digit. 


2  —  9 


41-5" 


(«'.    S87)  / 


FKAME  33.  I  \ 

Puint  A  is  in  the  same  location  as  before.  The  scale  iM  placed  correctly  for 
the  bottom-up  readinsf  (last  3  digits).  What  are  the  6-digit  coordinates?  • 

a.    387471  b.    387475  c.  387477 


-      -     . 

(UP)  (46) 
FK.%MK  47. 

The  outline  of  each  of  these  squari  s  ia  ;in  even  100.000-mt  'er  grid  line  with 
thf  numbers  increasing  to  the  right  and  up  (Panel  2-2),  The  left  easting  of  the 
marked  square  IIP  is  300,000  meters  east.  What  is  the  right  easting  of  that 
square*^ 

u.    200,000  meters  cast     b.    300.000  meters  east     c.    4UO,000  meters  east 


2—10 

ERIC 


(«p)  (5) 
FRAME  & 

Every  grid  square  has  a  4 -digit  number,  such  as  3354.  The  first  two  digits 
(33)  stand  for  the  correct  easting;  the  lasl' two  digits  (54)  stand  for  the  correct 


(6th)  (19) 

FR4ME  20. 

The  4 -digit  grid  .'onrdinatea  4659  locat  Platte  City  ou  your  LEAVENWORTH 
map.  The  6-digit  coordinates  468597  pinpoint  a  cemetery  in  the  outskirts  of  the 
town.  Compare  4659  and  468597.  The  46  and  59  for  the  grid  squace  are  still  in 
the  6-digit  ooordinates.  Which  digits  have  been  added  ? 

a.    lat  and  4th  b.    2d  and  5th  c.    3u  and  6th 


'Jo-. 


2—11 


\ 


(b.  $ST47S) 
FEASIl!:  34. 

Now  practice  what  you  have  learned  by  using  the  plastic  scale  to  lociite  pointa 
on  your  LEAVENWORTH  map.  Find  grid  square  4550,  in  which  Lanter  School  is 
located.  What  are  the  6-digit  coordinates  which  locate  Lanter  School? 

a.    45X507  b.    455505  c  457501 


(c  400,000  metiers  east  (The  LEAVENWOETH  map  falls  In  the  lOO.GOO^sneter 
vqiiaiv  deaigaaled  by  the  letters  UP  and  oQtf  Ined  by  the  800,000  and  400,000  meters 
^%  Unesi  and  4300,000  and  4,400.0(H)  meters  north  lines))  (47) 

FRASCE  4& 

The  grid  line  numbers  "'"^'"E  aiid  <H7  o«o«N,  in  the  lower  left  comer,  of 
your  LEAVENWORTH  map  refer  to  3158.000  meters-  eaat  and  4,347,000  meters 
north,  respectively.  These  are  the  grid  coordinates  for  the  first  grid  lines  in  the 
 comer  of  the  map. 


2  —  13 


ERIC 


I 


4-ZS 


(northing)  (6) 
FRAME  7. 

Every  grid  square  number  comes  from  the  two  grid  lines  which  cross  at  the 
lower  left  comer  of  the  square.  Point  A  in  the  figure  below  is  in  grid  square 
3354.  In  writing  the  grid  square  number,  the  number  of  which  line  is  written 
first? 


easting 


b.    no /thing 


56 


55- 


I 


54- 


•  A 


53-^  \  \  1  1 

33      34      35      36  37 


(c.    3d  and  6tfa)  (20)  _ 
FRAME  21. 

The  4-digit  coordinates  locate  the  grid  si^uare.  The  6-digit  coordinates  locate 
not  only  the  grid  squares  but  a  point  within  the  square.  In  the  coordinates  469595, 
which  2  digits  locate  the  point  withm  the  square  '   and  


ERIC 


4''  i 


2  — IS 


(c.  457501  (If  your  answer  was  451507,  you  reversed  the  Sd  and  6th  digits))  (S4) 
FRAME  35. 

On  your  LEAVENWORTH  map,  Flintlock  Church  is  in  grid  square  4466. 
What  IS  its  6-digit  location  •  


(lower  left  (>outhwe**t)  (The  coordinates  are  given  in  full  in  the  southwest  comer 
of  military  maps))  (48) 

FR.\ME  49. 

On  all  other  gnd  lines,  the  ""'""E  or  """'"X  are  not  shown  on  the  map.  but  are 
understood.  The  '48  m  the  lower  right  corner  means  meters  east. 


(».    e^tittag)  (7) 
FRAM£  S. 

Determine  the  correct  number  for  the  grid  square  containing  point  B.  Start 
from  the  lower  left.  The  easting  which  goes  through  the  lower  left  comer  of  the 
square  is  34.  Now,  find  the  northing  that  goes  through  the  lower  left  corner. 
What  is  the  4-digit  number? 


a.  3355 


b.  3456 


c  3557 


57- 


56 


55- 


54- 


53 


33      34      35      36  37 


(3d  and  6th  (9.5))  (21) 
FRAME  22- 

The  first  3  digits  of  6-digit  coordinates  are  the  easting  grid  reading  and  the 

last  3  digits  are  the  grid  reading  of  the  more  accurate 

location. 


ERIC 


2  —  15 


(44466'^!)  (35) 
FRAME  36. 

Using  the  plastic  coordinate  scale  find  the  point  at  360706  on  the  LEAVEN- 
WORTH map.  What  ground  feature  is  located  there  ? 

a.    cemetery  b.    road  junction  c.  lake 


(348,000)  (49) 

FRAME  30.   INFORMATION  FEAME. 

When  reporting  your  location  (Hazelwood  School  403622.  LEAVENWORTH 
map)  to  another  unit  or  headquarters  which  is  outside  your  100,000-meter  square 
or  u:  another  grid  zone,  or  both,  certain  procedures  are  necessary  to  properly 
identify  your  position.  * 


2  —  16 


/ 


(b.    3456)  (8) 
FRAME  9. 

Remember  tliat  the  grid  square  is  identified  by  the  eastings  (vertical  grid 
lines)  and  northings  (horizontal  grid  lines)  which  form  the  lower  left  comer  of 
the  square.  You  write  the  number  of  the  easting  first,  then  the  northing.  The 
number  for  the  grid  square  containing  point  C  is  


57- 


56- 


55. 


54 


53- 


1 

»'  * 

1 
t 

\ 

\  

1 — \ — ^ — . 

1  i  I 

1 — ^ — \ — t 

1  ^-i  1 

i  : 

1  ■ 

!    i  1 
!    i  i 

33     34      35      36  37 


(northing)  (22) 
FRAME  23. 

You  have  learned  that  grid  coordinates  with  4  digits  locate  a  grid  square. 
The  number  4659  located  Platte  City  on  your  LEAVENWORTH  map.  Six-digit  co- 
ordinates are,  as  you  have  seen,  more  accurate.  The  two  additional  numbers 
(digits)  locate  a  point  within  the  square. 


ay- 


id 

ERIC 


■7' 


2  — n 


(c.    lake)  (36) 
FRAME  37. 

The  4-digit  coordinates  locate  grid  square  3847.  The  number  382475  locates 
one  of  100  imaginary  squares  at  point  A.  If  the  grid  were  divided  into  10,000 
imaginary  squares,  how  many  digits  would  be  required  to  pinpoint  B? 


b."  10 


Iff 


38 


C.  12 


to 


39 


(Go  on  to  next  frame)  (50) 
FRAME  51. 

When  the  unit  to  which  you  are  reporting;  your  location  { Ha^elwood  School 
403622 )  is  in  the  same  lOO.OOO-meter  square,  you  report  your  location  simply  by 
stating  the  coordinates.  You  would  report  your  location  as  


4-54- 


<35$5  (S5  £s  tbe  veHk«I  giM  Use.  55  is  tfie  horlsiatAl  grid  Uae)y  (9) 
FBAME  10. 

Find  the  niimjer  of  grid  gqtiare  m  which  D  is  located.  It  hi  ia  square 


57 
56 
55- 


53- 


33     34      35      36  37 


(grid)  (23) 
FBAME  24. 

For  &<ligit  coordinates,  the  aides  of  the  grid  square  are  divided  into  tenths 
with  imaginary  lines  (shown  as  dotted  lines  here).  These  form  iOO  imaginary 
smaller  squares.  What  would  be  the  4-dSg:it  coordlaatea>  for  the  grid  square  shown 
below? 


3557 


b.  3667 


c.  573S 


58- 


57- 


r     I  f  1  1  '    !■  ■!  1 — !— I 

-r+  f -H-h-H- 

^^H-  +■  -t- 4- -t- - 

_i  I.  i  I  1  1  t.  i  f 


35 


1 
36 


ERIC 
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4 


4-35" 

(a,  8)  iSl) 
FRAME  S& 

The  6-digit  number  for  point  A  was  382475.  The  S-digit  coordinates  for  point 
B  are  38274757.  Which  digits  were  added? 

».    1st  and  Sth  b.    3d  and  6th      "  c.    4th  and  8tfa 


.  , 

1 

— 1 

i 

-1 

h 

s 

If 

V 

1  ,  1 

'  r  1 

3  to 


I 

38  39 


(403622)  (51) 
I<1L\M£  52. 

In  reporting  your  1  jcation  to  a  unit  or  headquarters  outside  your  UP  100,000- 
meter  square  but  in  the  same  grid  zone,  the-  6-digit  grid  coordinates  alone  could 
refer  to  .my  one  of  sev -ral  points  in  other  100,000-meter  squares.  To  avoid 

misidentification,  you  identify  your  square  by  placing  the  letters  

preceding  the  coordinates. 


<S65S)  (10) 
FSAMC  U. 

The  square,  you  have  s«an,  has  each  time  been  ideatifled  by  giving  the  number 
of  the  easting  Ibnst,  then  the  northing.  In  gHd  square  3556,  35  wouM  be  the 
easting  and  Sa  the  


(a.   S557  ~  lower  left  comer,  easting  (vertical)  first)  (24) 
FUAME  25. 

In  grid  ^uare  3557,  the  6-<ligit  coordinateB  for  point  C  are  353574.  The  third 
digit  means  th&t  point  C  Ib  3/10  of  the  distance  frcon  fating  35  to  easting  36.  The 
sixth  digit  means  that  point  C  is  4/10  of  the  distance  from  northing  S7  to  northing 


-  +  + -h-i-t-hf-i-h-i 

-  +  +  +  H-f- 
-4-f  ^>  +  -h  +  +-^-h- 


57 


i — I — i — i  i  i  t    i  I 


25 


2  —  21 


ERIC 


ERIC 


(c.   4th  vjid  Stli)  (S8) 
FRAME  S9. 

No  matter  how  macy  digits  are  used,  the  first  half  of  the  coordinate  numbers 
locates  the  easting  (left-ta-right).  The  last  half  locates  the  northing  (bottom-up). 
The  total  number  of  digits  in  any  ^t  of  coordinates  la  always   

ft.    odd  b.  even 


/ 


(UP)  i52) 
FBAME  53. 

In  reporting  your  location  in  Haselwoui  School  to  a  headquarters  outside' 
your  lOO.OOO-meter  square,  but  in  the  same  zone,  you  would  state  your  location 

to  be   


2  —  22 


4-38 

(Borthiiig)  <11) 
FBAME  12.  ^ 

Grid  square  numbers  are  cailed  grid  eaordin&teii.  In  writirilf  grid  eoordlBatcMv 

you  write  the  number  of  the  easting  first  and  the  number  of  the  

next. 


(M)  (25) 
FRAME  26. 

Note  th&t  point  A  iB  in  the  center  of  gi  .d  square  3557.  That  is,  A  is  5/10  of 
the  distance  from  easting  35  to  easting^  36  and  from  northing  57  to  northing  58. 
The  6-digit  coordinates  wouid  be  35    57  


57- 


[-    +  -f-  4-  -f4"  4-  -t- 

f--h-i--f  4-^4--l-4-4- 
h-^-^--hf-i-^-^-+-^-■ 
j--^4--f +4--4~4--h-^- 


J  L 


-J  1  i  1  L 


1 

ic, 


nCAlfi:  40.  i 

.  The  6^t  coopdimitai  ioait«  points  within  100  meters  of  their  actual  ground 
location  on  the  LEAVENWORTH  oiap.  The  8^t  cooixiirwtea  further  divide 
rnch  100  meters  into  10-meter  uniU.  What  is  the  accuracy  of  the  8-digit  co- 
ordinate*  ?  ^ 

a.    10  maten  fa,    20  meters  c    50  meters 


(UF40S€?2  (See  grid  referenee  tf&ic  one*)  agsJs))  (SS) 
FIMkME  54. 

Haxelwood  Schooi,  the  sample  ijoint  ia  the  grid  reference  box,  can  be  located 
in  the  100,000-meter  square  in  two  ways:  either  by  340,300  meters  east  fay 
4.362,200  meters  north  or  by  the  letters  and  grid  coordinates  


M-0 

(oortithig)  im 
FBASaS  IS. 

\  The  cumbers  of  the  eastings  and  northings  which  identify  a  grid  square  are 
called  the  grid  1^ 


V 


(S55575)  (26) 

FKAME  21. 

You  learned  that  point  C  was  on  imaginary  easting  363.  The  last  3  numbarsi 
in  6-digit  coordinates  locate  the  imaginary  northing.  What  would  be  the  correct 
6-digit  coordinates  for  point  C? 


353572 


h.  353574 


c.  353576 


58- 


-T— T — ( — I — T 

_  ^4-^4-^—1-- 

^4. 4. -1-44-44- -I-- 
--f-4-'4-f"HT  -'-■4- -4-- 


J  L  L. 


35 


36 


4 


2  —  25 


ERIC 


44 


(10  metert)  (40) 
FBAME  4L 

The  8-digit  coordinates  locate  points  to  within  10  meters  on  the  ground, 
which  i0  cloBM-  than  average  user  requirements  and  map  accuracy  warrants.  The 
center  of  Terminal  Bridge  on  your  LEAVENWORTH  map  is  35655351.  This 

number  should  locate  the  point  to  within    meters  of  the  exact 

center  of  the  bridge. 


<eP40Sfi22  (This  b  the  shorter  of  referring  to  the  i^ordinates  hi  the  correct 
100,l»?0-metar  square))  (54) 

FRAME  55. 

Now  ^'^t  us  assume  that  you  must  report  your  location  {Ha2elwood  School) 
to  higher  headquarters,  which  Is  not  only  outside  your  lOO.OOO-meter  square  but 
also  in  anott  er  grid  zone.  In  this  ease  you  would  have  to  include  the  grid  zone 
designation  the  100,000-meter  square  identificatios.  and  the  coordinates  of  Hazel- 
wood  School.  Therefore,  in  reporting  your  location  to  this  higher  headquarters  you 
would  state  your  location  as  


26 


4-4-2. 

(coordiBftteii)  (IS) 
FRAME  14. 

Practice  with  the  LEIAVENWORTH  map.  Find  Terminal  Bridge,  which 
crosses  the  Missouri  River  near  the  center  of  the  city  of  Leavenworth.  What  are 
the  grid  caordliwtett  of  the  square  in  which  Terminal  Bridge  is  located  ? 

3553  b.  5335 


Turn  back  to  bottom  of  page  2-1  for  frame  15 

(h.    S53574  (Point  C  b  4/10  of  the  dif^itance  up  from  line  57))  C?) 
FRAME  m 

You  combine  the  3-digit  ''right"  reading  with  the  3-dsgit  **up"  reading  for 
S^git  coordinates.  What  are  the  6-digit  grid  coordinates  of  point  D? 

a.    352578  b.    353574  c.  358572 

58— |— J— J— ■ — I     I  1 — f —     \  I 

h  + 4-•r'1-^ — ^^  +  4 
L  4-  ^^4-  4-      '  4-  ^  J 

++-^^+ 

^-r'-f-'4-4'4--^  t--H^  4--i 
^    '  -f^  4-  i    *      ^     ^  ' 

i?^ — I.  ^-..^ — ^—i  i  k  .  1  i  ! 

3;  36 


Turn  back  to  top  of  page  2-2  for  frame  29 

2  —  27 


I 


(10)  (41) 
FRAME  42. 

You  must  estimate  the  position  of  the  point  between  divisions  on  your  co- 
ordinate  scale  to  determine  the  4th  and  8th  digits.  For  the  left-to-right  reading 
to  locate  point  A,  you  know  that  the  first  three  numbers  are  385.  Point  A  is  haif- 
way  (5  10)  between  the  500-  and  600-meter  division.  What  would  the  first  four 
numbers  be? 


3S50 


b.  3855 


c.  3857 


Turn  back  to  bottom  of  page  2-2  for  frame  43 


(15StJP408622)  (55) 

FRAME  56.  BEVIEW  FRAMl]. 

To  review,  the  military  grid  system  applies  to  the  entire  world  and  is  divided 
into  grid  zones,  further  divided  into  100.000-raeter  squares.  The  LEAVEN- 
WORTH map  is  in  Grid  Zone  15.  Tier  S.  and  in  100,000-meter  square  UP.  See 
Panels  2-3  and  2-4. 


*1S 


28 


ERJ.C 
I 


ry  Grid  Ri-f i>rence  System,   rFort  Leavenworth  map  is  within  griu  zone  designati 

15S,)   (Black  square) , 


PANEL  2-2 


MAP  LOCATION  WITHIN  GRID  ZONE 


100,000  METER  SQUARE 


ZONE  155 


96* 


-90* 


40* 


GTlTi 


HP 


OS  Ti  Bi 


A5 


QR  TL 


QPiTJ 


QR  TS  OH 


SHiiniBS 

S5 


xinrj  sp 


mis 


I 


PANEL  2-3 

MAP  LOCATION  WITHIN  GRID  ZONE 
(LEAVENWORTH  MAP  SHOWN  IN 

UP  100,000-METER  SQUARE) 


40* 


LEAVENWORTH 
MAP  ~ 


GRID  ZONE 


32* 


100,000  METER 
SQUARE 


I45  ' 


GRID  ZONE 


2—32 


GRID  ZONE  DESIGNATION 


ERIC 


4^1 

PANEL  2-4 

SUMMARY  OF  MiOTARY  GR^  REFERENCE  SYSTEM 

iL   MiUtary  Grid  Befer«nce  Syitem. 

You  have  aeea  that  a  Military  Grid  Reference  System  applies  to  the  entire 
world* 

k    Grid  Zomm. 

The  sy&tam  ift  composed  of  vertical  columns  or  grid  zonm  Identified  by  num* 
Ders,  and  horizontal  tiers.  Identified  by  letters.  The  combination  of  numberi  and 
letters,  for  example  18M,  15Sp  etc.,  is  called  the  Grid  Zone  D^dgnation. 

100»GOO-Meter  Square  Ideutlflcation. 

Each  is^d  zone  in,  m  turn,  divided  into  XOO,COO-meter  squar^»  identified  by 
pairs  oi  letters,  such  as  TP,  UP,  VP,  etc 

d«    l^lap  ATMS. 

The  area  of  the  Fort  Leavenworth  map  is  approximately  21,000  maters  East* 
West  by  2T.0O0  meters  North-South.  A  map  may  fall  entirely  within  one  100,000- 
meter  square,  or  it  may  contain  x>rtion8  of  more  than  one  lOO^OOO-meter  square. 
The  grid  reference  box  in  the  lower  max^n  of  each  map  sheet  tells  you  the  correct 
100,000  meter  identiScation  far  that  sheet,  and  the  correct  Sfrid  xoae  designation. 


44-& 


PART  ill 


DISTANCE 


Set  3-1.    DETiRMiNtNG  GROUND  DISTANCE  BY  REPRESENTATIVE 

FRAarONS  (RF) 


FRAME  1. 

Any  speciflc  dlstiince  on  a  map  represents  a  specific  distance  on  the  ground. 
iV>r  example,  1  inch  on  your  LEAVENWORTH  map  (map  distance)  equals  50,000 
inchei^  on  the  ground  (ground  distance).  The  relation  of  these  two  distances  is 
called  the  map's  Mcale  rr  repretientaMve  fraction  (BF).  The  scale  of  a  map  is  the 
relation  between  map  distance  and  distance. 


(tt.  2.5.  25(^000  centimeters  equals  2,500  meters  or  2.5  km.  250,000  em  ^ 
100.000  oas  per  Ediometer  =  2.5  SdlometerH.)  (8) 

FBAME  9. 

In  previous  frames,  you  have  learned  the  purpose  and  use  of  map  scale. 
Military  maps  are  ciassiSed  according  to  scale  as  follows: 

small  or  smaller 


$«t  3-2.    SCALES  OF  MIUTARY  MAPS 


600,000 


medium  —  between 


and 


75,000 


800,000 


large 


or  larger 


75.000 


The  military  map  of  a  scGile 


or  smaller  is  classified  as 


600.000 


S  — 1 


FKAHE  17. 

To  determine  the  distance  in  mikm  (and  tenths),  you  move  down  to  the  bar 
scale  marked  in  


!L»^'v^?f  measures  about  1970  yards,  and  con- 

vertu  (S  X  1870)  to  aboat  il900  feet)  (24)  «  ,  «iu  c«m» 

FBAME  25. 

You  often  have  to  measure  the  length  of  curving  section  of  road.  To  do 
thia,  you  "straighten  out"  the  curve  by  ticking  off  short  straight  segments  m 
sequence  on  the  edge  of  a  sheet  of  paper  (Panei  3-7).  The  equivalent  straight 
Une  Jatance  of  the  curve  can  now  be  measured  on  the  bar  .  scale.  For  example, 
a  aixarp  curve  will  require  which  type  of  adjustment? 

a.    shorter  segments      b.    longer  segments      c    varied  lengths  of  segments 


4-so 


(ground)  iiy  ■ 
FBAME  3. 

The  map  scaie  or  RF  may  be  written  as  a  ratio,  1:50,000,  or  as  a  fraction, 
1  (map) 

Both  mean  the  same  thing.  How  is  the  scale  written  in  the 


50,000  (ground) 
marginal  information  of  the  Leavenworth  map? 


a.    1:50,000  b. 


50,000 


(small  scale)  (9) 
FEAME  10. 

The  larger  the  denominator  of  the  RF,  the  smaller  will  be  the  scale.  Why? 

1  ^  1 

B<acause  is  a  smaller  value  than  — — ,  jost  as  Vk  of  a  pie  is  a  smaller 

600,CX)0  75,000 
piece  thPii  %  or  Vz.  Which  of  the  RF's  is  the  smallest  scale  ? 

b.    c. 


25,000.  50.(K}0  100,000 


4S1 

(milfw)  (It) 
FBAME  18. 

However,  you  see  that  the  distance  between  the  two  ticks  is  longer  than  the 
bar  scale.  Therefore  place  this  right  tick  on  the  ri^ht  end  of  the  scale  (at  the 
3-raile  point).  Mark  the  left  end  of  the  bar  scale  (marked  with  a  1)  on  the  paper's 
edge.  You  have  now  marked  mUes  of  the  distance. 


(a.  shorter  »egmente.  Each  segment  shonid  stay  within  the  read  Umlfai.  A  too 
long  segment  will  if«sult  In  a  too  short  distance.)  (25) 

FRAAIE  26. 

•  On  your  LEAVENWORTH  map  locate  the  junction  or  routes  46  and  92 
(3SS58S)  Route  45  curves  from  this  point  until  it  reaches  the  aorth-south  road 
out  of  Weston  (364652).  Using  the  curved-road  measuring  technique,  what  ia 
the  measured  road  distance,  in  kilometers? 


»•    6.0  b,    7.2  c,  8.3 


S  — 4 


ERIC 


ERIC 


(a.    1:50,000.  Otiier  mmim  may  ime  the  fmctfoo.)  (2) 
FRABIE  S. 

^  If  &  map  were  drawn  with  a  scale  of  1:2000,  how  many  inches  on  the  ground 
would  2  inches  on  the  map  represent?  On  a  map  of  the  same  scale,  how  many 
centimeters  on  thqf ground  would  2  centimetem  on  the  map  represent? 

Inches:    &.    It  GO      '  b.    2000         c.  4000 

Centimeters:         1000         b.    2000         c.  4000 


(c   .  Thi£»  b  the  smallest  fraction  in  the  group)  (10) 

100,000 

FRAHJ::  11. 

You  learned  that  5  centimeters  of  a  map  distance  equals  2.5  km  of  ground 

distance  at  a  scale  of  — ^ —  (large-scale).  If  you  measured  5  centimeters  (map 

50,000 

■\ 

distance)  between  two  towns  on  a  small-scale  map  of  — ~  ,  what  would  be 

1,000,000 

the  ground  distance  in  kilometers? 

a.    25  b.    50  c.  73 


S  — 5 


ERIC 


453 


(4)  (18) 
f^-KAMK  19. 

Next  ilidt  this  new  mark  to  the  right  uatU  it  fzHa  on  the  mile  graduation 
that  p«rmitj  the  original  left  tick  to  fall  within  the  tenths  of  a  mile  scale.  Read 
the  value.  It  will  be    n  ilea. 


S«f  3-4.    DETERMINING  UNKNOWN  SCALE  OF  MAP  OR  PHOTO 

(c,    O)  <26) 
FRAME  27. 

You  may  find  maps,  sketches,  or  photographs  whose  scale  ia  unknown.  You 
can  detennine  the  scaie  if  you  can  identify  objects  or  feati'res  with  known 
measurable  distances.  For  example,  your-raap  of  unknown  scale  showb  a  church, 
located  close  to  a  crossroad  near  your  unit.  The  map  distance  is  inch.  You 
then  measure  the  actual  ground  distance  between  the  crossroads  and  church 
and  find  it  to  be  100  yards  (3600  inches).  Therefore,  V2  inch  map  distance  equals 
3600  inches  ground  distance.  What  is  the  RF  of  the  map? 


1 

  b. 


c. 


3600  7200  12,500 


6 


(c.  ^  4000  inQhm,  4000  eestimeten)  (S) 
FR.%ME  4. 

You  notica  that  inches  or  c^atiouU^n  oh  th^  mup  repi'eseut  inciian  or  centi* 
meters  on  the  ground.  Sometimes  map  readers  make  the  miatake  of  tiaiiig  one 
measure  for  map  distance  (centimeters  or  inches)  and  a  dilfen^t  measure  f^r 
ground  distance  (meters  or  yards).  Panel  3-1  tells  you  how  to  co!ivert  from 
one  unit  to  another.  If  a  map  distance  is  measured  in  centimeters,  the  ground 

distance  will  be  measured  in  ^  

\. 

kilometers  b.    meters  c  centimeters 


(b,  50*  5cm  X  1,000,000  —  5,000.000cm  ~  50,000  meters  =  50  km«)  ill} 
FBAM£  12.  , 

The  standard  Army  map  scales  are: 
1 


smaii  - 


medium 


large  — 


l.OOO.CMK) 
1 


250,000 

1 


50,000 

What  scale  would  be  used  moatly  for  strategic  studies  (covering  l^rge  areas) 
by  commanders  of  large  unita? 

a.    small  b.    medium  c.  lar^e 


I 
I 


45"  S" 


itjzy  (IS) 

FRABIE  20. 

The  distance  (from  latan  to  Weston)  required  is  the  sum  of  the  4  miles  you 
first  ticked  oflf  and  the  riding  from  the  last  frame  (2.2  miln).  The  distance 
along  the  railroad  between  the  two  locations  is       '  - 

\ 


/ 

/ 


— •  BF  —  — —  =   or  BF  =   )  (27) 

7200  QD       SOOO  Inehes  7200 

FRAME  28. 

Map  distance 

Ground  distance'  ^  ^  VinitB,  will  always  give  you  the 

— —   of  a  map  or  photo. 


■1 


S  — 8 


(c.    eeotlmetersi)  (4) 

map  distance  MD 

RF  stands  for  a  fraction  or   or  —  (see  Panel  3-2).  Thus, 

ground  distance  GD 

MD  1  centimeter  1  inch 

—  —   — -~  — — —  or  ~ — .  Both  distances  must  be  in 

GD       50.000  centimeters       50,000  inches 

the  same  units  of  measurement.  Which  of  the  following  is  correctly  written  for 

a  map  scale  of  1:25,000? 

r^r^          ^  ^  lin 

a,    RF  —    RF  —  c.  RF 


25,000  25,000  ft  25,000  yds 


Set  3-3.    DETERMfNiNG  GROUND  DISTANCE  B>'  BAR  SCALE 

^a*    small.  The  nmall^t^le  map  /  ^—  -  \  would  cover  the  largest  ar«a  of 

^  1,000,000  ' 

ground  on  each  map  sheet.)  (12) 

FRAME  13. 

Bar  scales  (see  Panel  3-4)  are  printed  on  military  maps  to  provide  r oother 
way  to  determine  ground  distances  from  the  map  information.  The  bar  scale  is 
the  ruier.  gruduated  in  miles,  rrelers.  and  yards,  which  appears  m  the  bottom 
margin.  The  bar  scale  shows  how  much  ground  distance  is  represented  by  certain 
lengths  of  map  distance.  How  many  meters  of  ground  distance  does  the  complete 
meter  scale  represent'!* 

a.    4000  b.    3000  c.  5000 


ERIC 


4  SI 


(6^)  (20) 
FBAME  21. 

For  even  longer  distances  in  miles,  you  would- first  tick  mark  as  many  4-mile 
steps  PS  possible  on  the  edge  of  your  paper.  Then,  to  measure  the  additional 
distance  to  tenths  of  a  mile,  you  would  as  before.  sUde  your  paper  to  the  right  to 
the  mile  mark  on  the  bar  scale  (0.  1,  2,  3)  which  causes  the  remaining  distance 

to  be  measured  to  fall  within  the  of  a  mile  divisions  of  the  bar  scale. 

Panel  3-6  tells  you  how  to  determine  distances  to  points  that  fall  outsMe  your 
map  sheet. 


(Scale)  (28) 
FRAME  29. 

You  can  also  deU»rmine  the  scale  of  a  map  or  photograph  of  unknown  scale 
by  comparing  it  with  a  map  of  the  same  area  whose  scale  is  known.  Remember  the 
1 

^QQQ  ^^'^^  °^»P  ^^ere  the  map  distance  between  two  road  intersecUons  was 

5  centimeters?  The  actual  ground  distance  between  the  two  intersecUons  would 
be  5cm  X  50.000  or  250.000cm.  If  you  locate  the  same  road  intersections  on  the 
map  of  unknown  scale  and  find  them  to  be  20cm  apart,  you  can  use  the  ground 

distance  obtained  from  the  — ^ —  scale  map  in  the  scale  formula  ~  =  RF  to 

50,000  GD 

find  the  scale  of  the  unknown  map.  What  do  you  determine  this  RF  to  be  ? 
1  1 


12.500  25.000  '  200,000 


3  —  10 


(».  BF  = 


1 


^  In  using  BW^,  remember  tiaat  tfa«  tmJtfi  mui4  be      suae.)  (5) 


35.000 


FBAHE  & 

In  uAicg  the  scale  or  RF  to  find  the  ground  distance  (GD).  you  drst  measure 
the  map  dist&nce  (MD).  The  sketch  shows  two  road  jiinctiona  aa  they  appear 
oa  a  map.  If  your  protractor  has  a  centiiBeter  scale,  use  it  to  measure  the  diiatance. 
If  y^u  do  not  have  a  centimeter  sca^e.  Panel  3-3  tella  you  how  to  use  your  map 
to  obtain  centimeter  me&aurementB.  What  is  the  map  distance,  in  iters, 
between  the  road  jimctions? 

>^    3  U.    4  e.  5 


(c.   6000.  The  aero  of  Him  bar  scale  is  Boi  at  tlie  fefl  end.  Frora  tte  seco,  tibera 
are  5000  meters  (gradia&Bd  la  lOOO-awlar  units)  to  tlie  ri|^l,  %kA  aoo^&ar  1000 
metem  (gradual  in  100-meter  anit»)  to  tiie  left  His  oomlj&a&d  lesgUi  Ss 
meters.)  (IT) 

FIL^ME  14. 

You  nomiaiiy  use  the  htr  scsie  by  "taking  the  measured  map  distance  to  the 
scale"  One  goxi  way  is  to  tick  mark  the  map  distance  oa  the  edge  of  a  sheet 
of  paper  The  meaaurement  is  moved  and  placed  so  that  the  right  end  (tick)  falls 
on  an  even  reading  and  the  left  end  (tick)  falls  in  the  sub^iivided  section  to  the 
left  of  the  zei  The  map  distance  shown  in  Panel  3-5  equals  haw  many  meters 
of  ground  distance"^ 

ft.    1300  b.    1405  c.  1520 


3-  11 


(lOtiu)  (21) 
FR\31E  32. 

The  bar  scales  ar.  handy  mlera  which  help  you  to  convert  map  measurements 
to  actual  ground  distance.  Remember  to  use  the  bar  scale  which  gives  you  the 
desired  units  of  ground  measurement.  If  you  want  a  ground  distance  ia  kilometers, 
you  would  use  the  meters  scale  in  the  map  raiargin  (1000  meters  =  1  kilometer). 
Measure  one  side  of  a  grid  square  on  your  LEAVENWORTH  map  and  take  it  to 
the  meters  bar  scale.  How  long  in  meters,  is  the  side  of  a  grid  square  ? 

*-    500  b.    1000  c.  1500 


/  I        MD  20cm  I  \ 

Is.   .    -    :  :   J  (29) 

^        12,500    GD       250,000cm  12.500/ 


FR.AME  30. 


( 


The  two  steps  of  finding  the  ground  distance  and  using  the  scale  formula 
p.,  MD\ 

^'^^     -         I  <-'an  be  combined  mto  one  as  follows 

r^e  the  measured  distance  on  the  map  of  unknown  scale  (UMD)  as  the 
'inmcrator.  and  the  measured  distance  on  the  map  of  known  scale  (KMD)  as  the 

■  ienommator,  and  multiply  this  fraction  by  the  RF  of  the  known  map:  (RF) 

KMD 

r.'sine  this  formula  find  fhp  RF  of     >       of  ,,„i,„^..,„  ...u;..  . 

between  two  jv^-ints  is  mea.iured  as  2  inches,  if  the  ^me  distance  on  a  1:50,000 
scale  map  is  meadured  s^.  4  inches. 


(c.   5)  (6) 
FKAME  ^ 

You  have  measured  the  map  distance  as  S  centimeters.  If  the  map  acale  ia 
1:50,000,  then  the  ground  distance  is  50,000  times  as  long  as  the  map  distance. 
What  is  the  ground  distance,  in  centimeters,  between  the  road  junctions? 

2,500  b.    25.000  c.  250,000 


(c.  1520.  The  right  tick  Ih  placed  on  an  even  meter  mark  (1000  in  this  <sse) 
and  the  left  end  hi  among  the  subdivided  sect  n  (In  100  meters).  The  total 
distance  is  1520  meters.)  (14) 

FR.\ME  15. 

Use  yoUi'  map  scale  (1;50.000  on  your  Protractor  and  Map  Scales)  to  loc£  e 
the  road  junctions  at  40463S  and  405678  on  your  LEAVENWORTH  map.  Using 
the  tick  mark  method  explained  in  the  previous  frame,  -vhat  is  the  distance,  in 
yards,  between  the  two  junctions'!' 

a.    44U0  b.    3500  c.  6600 


1 


S  — IS 


(b.  1000.  Tlie  grM  aqauiss  on  Isrge-tMa&Ie  mUitar^  maps  »re  ftU  drawn  1000 
FRAME  SS. 

The  grid  squares  on  the  LEAVENWORTH  map  are  1000  meters*  or  1  kilo- 
meter, long.  You  can  estimate  distance  quicidy  using  the  1  kilometer  squares  as 
"meaauriag  sticks".  What  is  the  approjdnmte  itraight  line  distance,  in  kilometers, 
from  Homeahoe  Lake  (4247)  to  Roberts  Lake  (4556)  ? 

••3  b.    5  c  10 


\ 


Smt  3-5.    DISTANCE  AND  TRAVEL  TIME 

>  108,000    KMD  4"       50,000        200,000"        IQOM^' ' 

FEAM^  Si. 

You  often  have  to  find  the  time  it  v-ill  take  you  to  cravei  to  a  new  location. 
How  long  it  wiU  take  you  d-;  nds  on  the  ground  dis^nee  (D)  tc  the  new  location 

and  how  fast  you  travel  (r).  So.  ground  distance  and  rate  of  

ar»  the  two  f-ictors  you  must  know. 


I 


14 


(c.  250.000.  The  m»p  dist»oce  b  5  oentlmetors  and  the  graimd  dfifaaee  b  59,000 
times  thftt  or  :£50.000  centtmetera.  Waleh  thA  onitB  tu  this  multSpUoatioii.}  (7) 

FRAME  8. 

The  ground  distaoce  between  tne  intersections  is  250,000  centimeters,  but  ia 
usually  given  as  meters  or  kilometers.  Therefore,  you  convert  the  centimeters 
to  the  desired  unit.  To  convert  centimeters  to  meters,  divide  by  100;  to  convert 
cenumeters  to  kilometers,  divide  by  100,000.  What  is  the  ground  distance,  in 
kilometers,  between  the  road  intersections? 

2.5  b.-  25  c  50 


Turn  boefc  to  bottom  of  page  S-l  for  frame  9 

(a.  4400.  Place  the  right  end  tick  on  the  4000  yard  mark  of  the  her  scaie  and 
the  left  end  tick  w^U  fall  on  the  400  mark  to  the  left  of  ^ero  (4000  +  4O0  ~  4400)  ) 
(15)  N 

FEAME  16. 

To  measure  longer  diBtaaces,  the  same  procedure  is  used,  but  the  meaau.^ 
ment  is  made  in  steps.  You  have  to  determine  the  distance  along  the  railroad 
from  the  road  crossing  at  latan  f  293711)  to  the  road  crossing  below  Weston 

(361037     Y<  I  will  sgaiis  use  alor;,  the  edge  of  the  paper 

to  mark  the  distance  between  thesf  ♦wo  locations. 


Turn  back  to  top  of  paqe  S-2  for  frame  17 


(c.    iO.  Vou  c»a  count  ten  1-km  squares  between  the  two  laketi.)  (23) 


FRAME  24. 


Airport  runway  lengths  are  often  given  in  feet.  You  make  the  meaaurement 
using  the  YARDS  bar  scale  and  convert  the  distance  to  feet.  (3  feet  =  1  yard) 
On  the  LEAVENWORTH  map.  what  is  the  length,  in  feet,  of  the  Jonger  runway 
at  Sherman  Air  Force  Base? 


5000 


b.  5^00 


5900 


Turn  bac"  to  bottom  of  page  S-B  for  frame  25 


(^tpeed  or  movement)  (SI) 
FliAME  32. 

In  order  to  find  the  time  it  will  take  you  to  travel  a  certain  distance,  you 
dKide  the  ground  distance  by  the  rate  of  movement  So  if  you  have  to  travel 
10  miles  and  you  move  at  the  rate  of  5  miles  per  hour,  you  would  divide  10 

hy  .„   to  get  the  time  reouired  to  go  the  10  miles.  You  find  the  time 

to  be  hours. 


■f  •-. 


3—16 


ERIC 


4^^ 


(5,  2)  (S2) 

FBAME  3S.    INFOBMATION  FBAI^fG. 

In  the  same  w&y,  you  can  find  the  total  distance  (D)  traveled  in  a  givt*n  time 
if  you  multiply  the  rate  of  speed  (r)  and  the  time  (t).  You  can  also  find  the  rate 
of  speed  (r)  by  dividing  the  total  distance  (D)  by  the  time  (t).  If  you  know  any 
two  factors,  you  can  find  the  thiixL  The  three  formulas  are: 

I*- 

1.  To  find  distance:     D  —  rt 

D 

2.  To  and  speed:        r  =  — 

t 

D 

3.  To  find  time:  t  =  — 

r 


END  OF  FRAMES  FOR  PART  »l 


\ 
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PANEL  3-1 

CONVERSION  FACTORS 


ONE 

YARDS 

STATUTE 
MILES 

CM 

M 

KM 

INCH 

I.  u 

0.  0813 

0.  0277 

FOOT 

I.  0 

0.  333 

30  4^ 

0.  304d 

0.0003 

YARD 

3.  0 

I.  0 

0,  9144 

0,  000*? 

1760.  0 

1.0 

1 .  t>093 

CENTI5.1ETER 

0,  S957 

1.  0 

G.  Oi 

METER 

39.  37 

3.  2806 

1.  093b 

0.  0006 

ICO,  0 

1.  0 

0.  001 

KIJLQMETER 

^95?0.  0 

0 

i0^4.  0 

n.  6214 

J  00000,  0 

To  ^unv«rt  ft  rr.«A«\ir«in«nt  from  a  vinit  dhown  tn  th«  I  »t  column  to  »nv  oth«r  unit  shown  it*  tah]«. 


■1 
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PANEL  3-2 


PAHEl  3-3 

USING  YOUR  1:S0,0C»  SCAIE  MAP  TO  M^SURE  CENTIMETERS 

If  you  need  to  measure  map  or  photograph  distances  in  centi- 
meters   but  do  not  have  a  centimeter  scale,  you  can  make  use  of 
the  following  standard  relationships  on  your  map  to  obtain  the  needed 
measurements. 

a.    The  grid  lines  on  you?  1:50,000  scale  map  are  spaced  exactly 
2  centimeters  apa^t,  because  they  represent  1000  meterisi  ground 
distance  at  1:50,000  scale.    A  linear  distance  may  be  measured  along 
any  grid  line,  either  horizontal  or  vertical.    The  grid  lines  perpen- 
dicular to  this  line  cross  it  at  2i-cm  intervals. 

b-    The  1000-meter  divisions  of  the  primary  part  of  the  meters 
bar  scale  in  the  map  margin  are  spaced   2  cm  apart,  since  they  also 
represent  1000  meters  at  1:50.000  scale.  \ 

c.    For  small,  measurements,  less  than  Z  cm  in  length,  the  ex- 
tension scale  to  the  left  of  the  zero  on  the  meters  bar  scale  is  divided 
into  1  00-meter  segments,  each  of  which  is  .  Z  cm  long, 
^  d.    For  greater  precision,  the  1:50,000  gr^d  coordinate  scale 

on  your  protractor,  also  2  cm  on  each  side,  is  divided  into  tenths  of  a 
centimeter  (10  miliimete,^s).  Y 

(  • 


S  — 20 


ERIC 


4 


ERIC 


U8' 


PANEL  3-4 
BAR  SCALES 


$€•!•  1:50.000 

W  0  1000  7000  3000  4^0  .^KKffi 


^000       ^        Q  tOOO  2000   MQOV«>^ 

^  »^  0  t   2 


PANEL  3-5 

TAiaNO  MEASURED  MAP  DISTANCE  TO  THE  SCALE 


WKM.  T1CX  MAM  ON 


TRANSreUHNO  MA^  D^TANCE  TO  nm  SUV 


ERIC 


4-10 

PANB.  M 

MEASOmNe  TO  POINTS  OyTSIDE  NAP 


JONES  COIU«fERS  1.2  MI. 
CHICAG025MI. 


DiiUaeic  ihoim  eatsld«  aip  mrgla  r«prc««iit  dlftane* 
SSUi  fi£  aes  to  dMtinfttion  or  doftiMtleiw  indi- 
eatod.   Add  tlilt  distaaee  to  MMurod  Mp  dittaae*  to 
find  total  dlitaaeo  to  dostiMtion  outsldo  mp. 


PANEL  3-7 

TfCXlNC^         STRAIOHT  SEOMENTS 
Tq  MEASURE  LENGTH  OF  CURVE 


411 


SE6MENTS{UNES) 
OF  DIFFERENT  tEWTHS 


TICK  MARKS  ON  EDGE  OF  PAFfR 


8—24 


o 

ERIC 
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PART  iV 

DOECndN 


Srt  4-1.   OKiCTIQ»M>OINTS  M  THf  COMVASS  , 

1. 

Ths  four  priodpftl  pointi  of  the  comsitM  tr«  nortlw  Matli,  Mit.  and  irmt 
Th«  four  piindpil  mneamm  aiw.  U»i«fon,  north,  south,  9ul  and  ^ 

7  ■ 


<180*)  CM) 
F9UMB  SI. 

To  obtain  a  back  asimuth  from  as  asimuth.  <add)  (Rhtniet)  ,3^0*  if  tha 
aximuth  ii  ISO*  or  Icat.  ^ 


4-Sj 


4—1 


»  \ 


/ 


4-13 


(toolM  (10) 

U  sratt  doat  know  tbt  dinetioB  of  a  linnur  f Mtum.  fueh  ai  a  ttxal^  raad 


(US*  SO*.  (CompMa  raadiags  provide  wMgaeik  wAau^t  tbenfM  for  Hu 
lMinBnPOrtkiBa|^gridasiaBtb  =  iBafae^pla»G.Bf  aagio.  Sm  aoti  adjMMit  to 
doeMaatSoa  diHW))  • 

(W) 

<^   nuns  9L  ^» 
%  Raftr  to  your  LE14VSNW0RTH  map.  Ton  are  leading  la  tht  nad  joncttoa 

'  at  eaordiaatof  307578  and  obMT^  ilx  radio  towari  ia  frU  oqaaro  3258.  What  ii 
tbo  magnotk  aiimuth  of  a  liao  of  ^ht  from  your  potitioa  to  the  enter  ndio 
tower  at  32865860?  (eeleet  one  naponse) 
a.  81*  0'  k  70*  SO*  c  80*  0' 


or  lailroad.  yoa  need  at  kut 


eddittonel  pitmiinant  feature 


to  eetablUh  the  direetloa  and  orient  the  inap. 


0 


4— f 


.     A-1 4- 


iwmt)  (1)  - 
nUMK  s. 

Ab  srou  imow,  frasi  your  um  of  othsr  maps  (lueli  as  m  lutomobflt  roftd  nap) 
tba  top  of  tlie  map  is  nonaally  north,  tbt  right  hand  margin  ia  to  tha  "matt  tha 
laft  haad  margia  to  tha  mat,  and  tht  bottom  of  tha^map  ia  to  tha  aouth.  Tht 
top  of  the  map  ia  normally  to  tho  north,  to  tha  right  ia  ,  to  tha 

teft  la  ^  and  at  tha  bottom  of  tta  map  ia  - 

NORTH 


WEST 


EAST 


SOUTH 


FfiAME  SB. 

Study  the  figure  below,  la  this  cue,  back  arimuth  is  determinad  by  (adfiatg) 
(acbtraetfaig)  180*.  Back  azimuth  is  simply  the  opposite  direction  of  the  iiimuth. 


300 


i 


NORTH  LINE 


BACK  AZIMUTH- 
^  300**-  I80«  s  120* 


4— S 


Com)  («>  r  ^ 

If  you  etimot  podtivils  idtntify  the  ntcflMuy  fMturM  on  both  fxoand  and 

■\- 

map,  ytm  masr  orknt  your  mi^  by  dttcxminlng  the  ilir«stioa  of  


or  Ow  aacMtte  uimsth  =  70*  80"  -  0*  SO'  =  •!*)  (91) 

M  4-10.  INTOSECnON 

flUMX  OS.  DfffOBHAmir  nAMK. 

XMTBSRSBCnON  ii  a  matbod  by  whkh  you  can  datannlna  tba  loeatioa  of  ' 
an  immanMd  aaemy  ffttn«  ^eniive  poaiticni,  itc,  which  you  can.  a^  .6&.  tS^ 
gmind,  by  plotttoff  ictaraacti&f  ailmutha  on  a  xaap.  Aeeuxsey  in  ditanninlnff  thm 
loeatfoB  dtptnda,  in  part,  on  ths  aharpsoaa  of  tha  pdnt  of  intanactton  d  tha 
aiismtlia  whteh  you  draw  on  your  map. 

4S7 


(m^  «Mi»  wvftk)  (S> 

ft 

Am  you  caa  sm  from  the  tlmpJiflid  ccmpiw  dial  below,  aorthitit  Um  is  « 
dirtetioa  hMitiny  bttfiMn  north  and  mi^  A  loutliwflft  diraetioB  woold  Ua  half- 
way batwan  !  and  ■  - 


(aaMnet^)  (SZ) 
FBAMB  SS. 

To  obtain  a  back  aiimuth  from  an  izimutht  (add)  (aoblxact)  180*  if'  tha 

azimuth  ii  180*  or  mora.         '       ,  . 


4—8 


•  4-11- 


Onet  3rou  Mtftblkh  the  dlnctko  of  tnu  north  on  the  grouikl,  ytiu  eta  jsrlent 

your  mnp  beetuee  the  '.  of  » itiuuUni  military  map  is  its  true  north 

Bide. 


(Oo  oB  te  tlw  msMt  fnme)  (92) 

Which  set  of  aximuth  lines,  itlotted  Isdow,  produce  the  sharped  point  of 
;in5rsection?   ,  


ERIC 


4—6 


*•  .1. 


nUMX  4.  >      Y  ^ 

In  tb«  lower  (soutiiwMt)  aecticm  of  your  LSI4VENW0RTH  map  is  tht  CStgr 
of  LMWworth.  Look  at  the  LBl4VjSNWQ]KTH'map  ilMi  ftofi  tbt  aty  of  Lmm- 
worth.  You  loeatad  U  by  using  th«  dirietloa  ioa£bw«t.  I^ocstteM  ean  bo  partly 
dstirmiiMd  by  ■  . 


(MibtoMt)  (S3) 
FBANE  S4. 

If  tlu  tsimuth  is  less  tbSa  ISO*,  you 


asUnuUi;  if  the  azimuth  is  more  tha^  ISO",  you 
back  azimuth. 


180*  to  oMaiu  tbs  back 
 180*  toSibtain  the 


490 


4— T 


r 


(top)  («)  '   \    ■  •  . 

WSUmm  54. 

« /  Complcta  the  foUowiof  geotmT  rules  that  apply  to  map  oritntation  by  vif  ual 

a.  Oriant  a  map  by  visual  inspsctioa  only  when  a   is  not 

avail^ila. 

h.  When  oritotiag  a  map  by  visual  inspectioa*  select  st  least  , 


prominent  terrain  features.' 


e.  You  muat  know  the  direetlim  of  a  linear  feature  to  avoM 
.  the  (Kientation. 


''d.  Sini^  features  can  be  used  to  oriant  a  map  by  vlaual'inspection  only 
if  the  observer  knows  his  on  the  map. 


D   

(C)  im  - 

t,  * 

lefer  again  to  the  flgure  in  frame  93.  As  a  gene^  rule,  the  sharpest  inter- 
section is  obtained  when  aaimuth  sightings  are  spprojdmately  

degir^  ajwrt 


^9^ 


4  —  8 


ERIC 


480 


(fliNetiM)  (4)  -  - 

FRAME  0.  '   ^  . 

^  Your  unit  ii  locmtod  in  the  City  of  tMVcnirorth.  It  is  ordertd  to  procMd 
•oath  from  the  city  by  the  2-Iane  highway  for  about  2  miles  and  rendezvoua  with 
another  unit  at  .  Cemetery.  ♦ 


(add,  aubtnot)  (S4) 
FBAME  35. 

Determine  the  back  aximutht  fyr  the  directiona  listed  below  and  write  them 
in  the  spaces  provided.  '\ 

a.  Grid  aadmuth  =  96*  ;  grid  bacic  ai^oth  =  ^  * 

b.  liagnetic  azimuth  =  210* ;  magnetic  hack  azimuth  ==   * 

6   Giid  aximuth  =  350*;  grid  back  aiimuth  =s   " 


4  0.O 

4^9 


481 

S<if  4-8.    USE  OF  PROTRACTOR  TO  HOT  AZJMUTHS 

(oompwHi,  two,  revening,  toaitioo)  (64) 
FRAME  95.   IXFOBSIATION  FRAME. 

A  protractor  ia  an  aid  to  aaaiit  you  in  laying  out  anSTneasuring  azimuths  on 
tlje  map.  ^»ancl  4-8  illustratea  four  typM  of  protractors.  Notice  that  on  the  cir' 
cular  and  squiire  type*,  all  360  of  the  degrees  of  a  circle  are  shown  around  the 
center.  On  the  rectangular  type,  half  the  degrees,  or  180",  are  plotted.^but  values 
for  the  full.^°  are  shown.  Some  types  show  both  mils  and  degrees;  others  are 
graduated  in  degrees  only.  Be  sure  you  understand  the  protractor  you  are  using, 
and  use  the  correct  values. 


(90  degrees  (See  figure  C,  frame  93))  (04) 
FRAME  95. 

Panel  4-13  indicates  how  intersection  is  accomplished.  To  perform  intersec- 

tion«  you  must  take  sightings  on  the  unmapped  object  from  at  least  

known  locatiotu. 


i  ■ 


4—10 

ERIC 


^82. 

mt  Calmxf}  <S) 
FKAME  a. 

Tou  hav«  loemtMl  Mt  Oavmry  Cometory  u  about  2  milts  KUth  of  the  City 
of  LMvuiworth.  Now  both  uniti  are  ordered  to  proceed  to  the  town  (tf  Richardson 
which  ie  about  1  mile  to  the  of  Mt.  Calvary  Cemetery. 

a.   north  k   louth  e.  eaet  d.  west 


(A.  m\  n,  so*,  a  mn  my 

FKAMK  S&   INFOBMATION  FRAME. 

A  ndl  is  also  used  by  the  map  reader  to  expreM  direction.  For  military  s»ir- 

/">/ 

poses  a  circle  is  divlM  into  0*400  rails.  BCils  are  of  particular  intemt  to  gunners 
because  a  change  of  1  mil  in  tl^  angle  of  a  WMpon  will  change  the  impact  of  a 
shell  or  buUet  a  distance  of  1  unit  for  every  1,000  unit|  of  range. 


ERIC 


(Go  on  to  tiM  next  frame)  (dS) 
FRAME  66. 

Your  protractor  haa  an  index  print  from  whic^  the  degrees  are  scaled  If 
a  full  360°  .are  shown,  the  ijidex  poin.  is  in  the  center.  It  is  usually  indicated,  by 
crossed  lines.  If  your  protractor  is  semicircular  or  rectangular,  only  half  the 
degrees  are  plotted  along  the  semieircle  or  on  three  aides  of  the  rectangle.  The 
index  point  from  which  the  degrees  are  scaled  Is  in  the  center  of  the  diameter 
aide  of  the  protractor.  It  is  usually  indicated  by  an  arrow.  Oi?  your  protractor, 
all  the  degrees  are  scaled  from  the    . 


(two)  (95) 
FBABEE  96. 

.  If  you  sight  an  enemy  field  fortification  which  is  not  shown  on  your  map, 
you  would  locate  it  on  the  map  as  follows  (pick  one  response) : 

a.  First  t^ke  an  azimuth  from  your  known  position,  then  move  to  a  new 
location  which  can  be  located  on  the  map  and  take  a  second  azimuth. 

b.  First  take  an  azimuth  from  your  known  position,  then  move  to  another 
location  and  take  a  second  azimuth. 


4^12 


^8<V 

(C.   Mst)  (6) 

FBAMiB  1.   SUMBfABY  FRAME. 

You  have  seen  that  locations  can  be  given  by  aimply  st£iting,  for  example, 
that  a  place  \A  1  mile  along  a  road  to  the  east  or  that  you  should  take  the  2-liuie 
road  south  of  the  city  for  2  miles  to  rendezvous  at  a  cemetery.  In  the  following 
framtti,  you  will  learn  bow  to  plot  directions  on  a  map  and  locate  a  point  (for 
example,  an  enemy  gun  position)  which  may  not  be  on  a  road  or  other  readily 
identifiable  feature. 


(Go  on  to  the  next  frame)  (S6) 
FRAME  87. 

The  figure  below  shows  a  circk  divided  into  mils.  Note  that,  like  an  azimuth 
angle  and  degrees,  mils  are  also  numbered  in  a  (clockwise)  (oounterdookwise) 
direction. 


5200 


4  — IS 


(ladax  poiat)  (M) 

VBAME  67.   OfFOBBCATION  FBABIE. 

To  plot  AD  azimutii  from  &  known  point,  study  the  steps  outlined  in  Panel  4 


f 


<».)  (M) 
VBASm  97. 

To  locate  on  your  map  the  unmapped  object  at  A  in  Panel  4-13,  you  would 

first  orient  the  map,  and  then  determine  .  

on  the  map. 


4-8t 

S«»  4-2.    NORTH  UNiS 

FSdUME  S. 

DiracUoiit  may  alAO-  be  foepressed  in  everyday  life  as:  "on  the  xi^ht  aide 
of  the  road**,  "on  the  left  bank  of  the  river**,  etc  In  these  ea^i^ea,  the 

 and  the  have  been  uaed  as  references  from 

which  to  express  direction. 


I 


(dQc|cwlse)  (87) 
FBAME  Sa 

Compare  the  mil  circle  to  the  degree  circle  and  complete  the  following  table: 


3IUa 
1600 


5600 


o 

ERIC 


481 


'  ( 

(Qo  oo       naxt  frmme)  (67) 
FRAME  6a. 

It  Is  teen  tl^t  the  protractor  index  miut  be  over  the  

* 

md  thmt  the  protrmctor  index  line  (0'  to  ISO' )  must  be  over  the 
line  drawn  through  the  point 


{ytmr  kicattoii)  (97) 
FBABfE  98, 

Once  your  location  has  been  determined,  you  would  take  a  compass  sighting 

on  the  unmapped  obj«t,  convert  to  a  grid  aadmuth,  and  then   

the  oh  your  map. 


7 


^0 


77 


4  —  16 


488 


FKAME  8. 

In  military  map  readiag,  directioM  are  referenced  to  a  north  lin,e  instead  of 

to  roads,  riven,  etc.  The  line  serves  as  a  referwice  line 

from  which  directions  are  expressed. 


S«r  4-5.    DECUNATION  DIAGRAM  AND  G-M  ANGLE 

(1600  mils  =  90%  4800  mils  =  270*,  4000  mils  =  225%  5600  mils  =  315»)  (38) 
FRAME  SS.    IXFORMATION  FRAME. 

Azimuths  and  back  asimuths  can.  be  plotted  accurately  on  a  map  by  referring 
to  the  declination  diagram  in  the  lower  map  margin  (see  LEAVENWORTH  map 
and  Panel  4-4).  Magnetic  declination  is  the  angular  difference  between  true  north 
and  magnetic  north.  However,  since  the  military  user  is  primarily  interested  in  the 
difference  between  grid  north  (on  his  map)  and  magnetic  north  (on  his  compass), 
the  diagram  shows  the  value  of  this  angle,  <^ed  the  grid-magnetic  (G-M)  angle, 
and  the  relative  directions  of  the  different  norths.  Notes  printed  next  to  the  dia- 
gram tell  you  how  to  convert  from  one  type  of  azimuth  to  another  on  that  par- 
ticulsr'map.  The  angle  of  grid  convergence,  which  is  the  ditferenw  between  true 
north  and  grid  north,  is  also  shown. 


4  —  17 


A- 


(point,  north)  (68) 
FEAME  6».  ^ 
>       In  the  figure  below,  the  protractor  has  been  oriented  corrcjctly  to  meaaure 
the  azimuth  ot  line  A'-B,  with  waipect  to  a^grid  north  line.  What  ia  the  aximuth 
of  line  from  point  A  to  point  B? 


B 


Aximuth  of  line  A-B  = 


(plot,  aximatli)  <9S) 
FBABIE  99. 

You  then  move  to  a  second  known  point,  take  another 
on  the  unmapped  object,  convert  to  a  grid  aadmuth,  then 
 on  your  map. 


the  second 


4^18 


ERIC 


(nortli)  (9) 
FBABfE  10. 

Thrae  north  Unu,  from,  which  direction  an  meuured  ixt  map  reading,  are 
shown  in  Panel  4-1.  Study  thii  panel.  Complete  the  chart  below. 


SYMBOL  NOBTH  LINE 


GN  Of  Y  c. 


(Go  on  to  the  next  frame)  (S9)  / 
FBAME  40.  'I 

\  .  *      A  dashed-line  arc  is  drawn  on  the  decUnmon  diagram  to  connect  the 

I  north  and  magnetic  north  ubcs. 


4  —  19 


^0 


ERIC 


ERIC 


(45*  NOTE:  The  degrees  printed  on  the  edge  of  tite  protnctor  increase  In  s 
eloeinvis«  dlrvctioB)  (68) 

FRAME  70. 

To  obt&ia  th«  grid  azimuth  of  a  Uae  on  a  map,  you  can  use  aa  a  base  Une 

either  the  grid  aoith  line  or  a  line  drawn   to  it.  You 

would  then  u^  your  protractor  to  measure  the  angle  formed  between  the  base 
line  and  the  line  on  the  map  (Panel  4*9). 


(liishtlns,  plot  (draw),  azimuth)  (99) 
FBAME  100. 

The  grid  coordinates  of  the  unmapped  object  can  be  determined  from  the 
point  at  which  the  two  grid  azimuths  plotted  on  the  map  


4^20 


V 

(».   Mttgnetle  nortfi,  b.   True  north,  e.  Grid  oorth)  ilO) 
FRAME  lU 

A  direction  meftsured  from  a  true  aortb  Une  may  be  iUustratcd  at  ahown  in 
A  below.  Under  the  dlagrama  In  B  and  C  below,  write  the  name  of  the  north  line 
from  which  the  Indicated  direction  ia  meaaured. 


> 


(Srid)  (441) 

FBAME  41.  . 

The  arc  connecting  the  grid  north  and  ma^etic  north  'inea  ia  called  a  grid- 
magnetic  (G-M)  angle.  The  grid>magnetic  angle  ahown  ia  '   .  

f 

degrees  or  ■  —  mila. 


roe  ciart*  of  W 


IM&IIKTK  OtMltM 

H^m^T  fi  n  ^ 


Jo 


* 


FIUM£  71. 

Reftr  agftin  to  the  figure  b«iow  frame  69.  What  is  the  back  aamuth  of  liiye 
from  point  A  to  point  B?  (Frame  27  explaiaa  how  to  compute  back  azimuths) 

( 


> 


Back  ^izimuth  of  line  A-B  = 


(Intersect)  (1(X)) 
FBAStE  101. 

Do  the  following  exercise  in  intersection  on  your  LEAVENWORTH  map. 
Your  first  known  looaUon  is  at  443662.  These  coordinates  identify  your  locaUon 
^   ■■  Mark  this  position  A 


4r-32 


ERIC 


(S.   ftld  Borth,  C.  mapietlc  Berth)  ill) 
FRAME  IS. 

R«£ftr  again  ^  Panel  i-l  aod^draw  the  appropriate  symbols  of  th«  acHrth  U&M 
wlii^  ara  dascribed  below.  ^ 

USE  DEBIVED  flSOSf  SYMBOL 

a.  Compaai  direction  of  magnetic  north.  a^  

b.  Elating  grid  lines  09,  a  map.  b.  — ,  

e.  Eartb'a  north  pole.  e-  1 


(0V^  degreea,  170  mils)  (41>  , 
FSABO!:  42.   INFORMATION  FKAMEL 

The  date  of  the  G-M  angle  information  is  also  noted  on  the  disgram.  Because 
the  angle  may  change  slightly  as  the  magnetic  pole  changoi  its  position,  this  in- 
formation is  usually  updated  every  five  years. 


o 

ERIC 


(225»)  (tl) 
FEABf£  72. 

Since  the  fiziinuth  is  leas  than  180°,  the  hack  a2imuth  is  computed  by  adding 
1S0^  Thuj,  the  back  azimuth  is  45°  -f-  ISO"  =  225°.  If  the  azimuth  ia  between 
ISO'  and  360°,  you    180°  to  obtain  the  back  azimuth. 


(Flintlock  Church)  (101) 
FKAME  102. 

Prom  your  poaition  at  the  church  you  take  a  compass  sighting  of  54°  30'  to 
an  enemy  gun  emplacement.  Using  the  declination  diagram  on  your  map,  you 
convert  this  magnetic  azimuth  to  a  grid  azimuth  of  °. 


(' 


4—24 


(lu  ^  h.   _J  .  e.   !  -) 

F&ABfE  IS. 

In  the  ipace  provided  below,  draw  the  symbols  of  the  three  north  lines,  write 
the  names  of  the  linea,  and  state  how  the  lines  are  derived.  What  determines 
the  direction  of  wch? 

SraBOL  NABOB  HOW  0EEIVED 


c. 


(1965)  (42) 
YHAME  4S. 

The  arc  connecting  the  grid  north  and  magnetic  north  lines  is  called  a 
  angle. 


4^25 


if  iSffli^S?!:  »»ck  ^adnmtli.  m»y  .iso  be  n»d  fMit»tly  on  your  protwctor. 
M  exikiftiaed  fa  PmwI  4^,  Note  No.  2.  (72)  »ir  iiruwwswr, 

7S. 

For  meuuri&g  uimutha  from  0"  to  ISO",  the  protractor  i«  read  to  the  (right) 
(left)  of  the  north  line.  For  moaauring  azimutha  from  180"  to  360%  the  protractor 
ia  read  to  the  (right)  (left)  of  the  north  line. 


(64')  (102) 
FRAME  lOS. 

U«e  your  protractor  and  a  straightedge  and  plot  the  grid  azimuth  of  64" 
through  position  A. 


'  True  north  E^arth's  north  pole 

b.    /  Magnetic  north  Compa«  direction  of  magnetic  north 

c-    I  Grid  north  Elaatxng  grid  lines  on  map  (IS) 

FKAME  14. 

Any  line  you  draw  on  the  map  parallel  to  the  grid  north  lin^  ahown  on  your 
map  is  a  grid  north  line.  Similarly,  any  lines  _  to  the  mag- 
netic north  and  true  north  lines  shown  on  your  map  are  magnetic  north  or  true 

north  .  Grid  north  lines  and  magnetic  north  lines  are  most 

commonly  i:sed  in  determining  direction  on  military  maps. 

3 


(grid-magnetic  (G-M)  angle)  (4S) 
FRAME  44. 

Refer  to  the  LEAVENWORTH  map  provided  with  this  text.  Locate  the 
declination  diagram  in  the  bottom  margin.  The  G-M  angle  on  the  LEIAVEN- 
WORTH  map  is  degrees  or  mils  and  was  prepared  in 


4  — 2T 


ERIC 


(rifht,  left)  (7S> 
FRAME  74. 

Turn  to  Panel  Draw  a  line  connecting  points  A  and  B,  points  A  and  C, 

and  pointa  A  and  D,  U»e  youp  protractor  to  find  the  azimuths  of  these  lines  and 
enter  your  answers  in  the  spaces  provided  below. 

Line  Aximuth 

Point  A  to  Point  B  .  " 

Point  A  to  Point  C   J 

Point  A  to  Point  D  " 


(Go  OK  to  the  next  frame)  (lOS) 
FEAME  104. 

You  would  now  move  to  a  second  known  position,  for  example,  to  the  road 
junction  at  4506S6.  Label  this  position  B. 


4  —  28 


^60 


M  4-3.    AZIMUTH  MEASUREMENT 

(pmUel,  Ubm)  (14) 
FEABfE  15. 

Tbe  moat  common  military  method  of  expressing  a  direction  is  by  using  an 
asimntii.  The  figure  below  shows  a  north  line  and  a  directian.  The  angle  between 
tht  north  line  and  the  direction  line,  shown  by  a  dashed  line,  is  an  . 


OV^  degrees,  170  mils,  1960)  (44) 
FBAME  45. 

The  angle  at  which  a  magnetic  north  line  plotted  on  a  map  intersects  an 
easting  grid  line  is  known  as  the  - 


4  —  28 


0 ' 


t 


Una  Aiimutli 

Point  A  to  Point  B  45" 

Point  A  to  Point  C  02* 

Point  A  to  Point  D  226'  (74) 
FSAME  75. 

Turn  to  Panei  4-11.  Uiipg  easting  grid  line  41  as  a  bwe  line,  measure  the 

ajdmuth  of  the  line  drawn  from  Point  A  to  Point  B.  The  azimuth  is  

degrees. 


(Go  on  to  the  next  frame)  (104) 
FKAME  105. 

Prom  your  new  location  at  the  road  junction  (position  B),  you  take  a  compass 
sighting  of  119»  to  the  gun  emplacement  You  convert  this  to  a  grid  aamuth 


of 


4  — SO 


SC2. 


(MlmiEth)  (15) 

FBASIE  16.  .  \ 

The  arrow  oa  the  dashed  U|ie  in  frame  IS  ihows  that  the  aiimtttttftaf la  ii 
measured  in  a  (doekirtee)  (ootmterclodewtse)  direction  from  the  north  Un«. 


V 


(G-M  ancle)  (45) 
F&AMS  46. 

Study  the  declination  diagram  on  the  map.  The  GRID  NORTH  line  ia  parallel 
to  the  grid  lines  on  tiae  mapr 


(SS  dagiw)  (75) 
FRAME  IS. 

Refer  to  P»ael  4-11.  The  line  from  Point  A  to  Point  B  has 
aziinuth  of  degrece. 


SC)  (105) 
FBAME  106. 

Plot  the  grid  aziiauth  of  128'  30'  thrbugh  position  B. 


r 


504- 


(cioelnvke)  (18)  1  ^ 

FBAME  17. 

All  asimuths  are  mesaured  in  the  same  manner— they  are  measured  in  a 
 ^iirecUon  from  the  north  line. 


J 


(eaafiag)  (46) 
FRAME  47. 

If  a  magnetic  north  line  were  plotted  on  the  LEAVENWORTH  map.  it  would 
intersect  an  easting  grid  line  at  an  angle  of  degree  

« 

minuttti. 


4  — SS 


s 

((rid)  (70) 
77. 

A«aiii  turn  to  P««l  4-11.  Uimg  owting  grid  line  42  ai  a  oortli  line,  measure 

tha  a«muth  of  tlw  line  drawn  fnmj  Point  X  to  iH)int  Thea^uthii_ 
de^;nN»a. 


CGo  OB  to  the  next  frame)  (10€) 
F&4BfE  107. 

Extend  the  two  azimuthi  until  the  linc«  interwcL  The  grid  coordinatog  of  the 
enexdy  gun  emplacement  are  


ERIC 


sot 

(doelnrte*!  (17) 
FEAMX  18. 

FtfUM  A  showi  a  "t^  asimutJb  angle",  lo  nainod  bwftUM  tto  uisiutb 
anfb  ihowB  a  dinetioa  aa  r»latad  to  a  true  north  line.  B  tbomn  a 
 and  C  ihowa  a  . 


* 


Set  44.    USE  OF  COMPASS  TO  ORIENT  MAP 

(9*.  SC)  <«) 

rSAKE  48.  INFOBMAXION  FBABEH 

Th«  magnetic  cftmpaii  is  the  moat  commonly  used  azul  limpleat  loitrume&t 
for  mMUuiring  4irectSoni|  mad  anglea  in  the  field.  A  lewMtle  <wnffaae  ia  ahown  in  . 
Panel  4-2. 


\ 


4  —  86 


f 


(6S  dflsreMK  (H) 
FRAME  7& 

Refer  to  Putel  4-11.  The  line  from  Point  X  to  Point  B  hui  a 
azimuth  of  63  degrees.  ' 


o 

ERIC 


(473676)  (107) 

S«l  A^jX,  RESECTION 

FRAME  108.  INFOBMATtON  FI^AME. 

Panel  4-14  indicates  how  reeection  is  accompUahed.  To  perform  resection  you 

must  take  sights  on  .  or  more  objects  of  known  location  from 

your  unknown  location. 


4—38 


J 


5*08 


^  (E«    magnetic  aximuth  angje;  C.   grid  anmuth  angle)  (18) 
FRAME  19. 

Azimuth  angles  are  coxnmoniy  expressed  in  degree  units  of  angular  measure. 
A.  true  azimuth  of  45  degrrees  (written  as  45°)  is.  therefore,  a  direction.  It  teiis 
us  that — 

a.   The  north  line  used  as  a  reference  for  measuring  was  a  ^  

 Ime.  /* 


b.   The  asimuth  of  45"  was  measured  in  a 


direction. 


(Go  on  to  the  nex^  frame)  (4S) 
FRAME  43.  . 

Look  at  the  compass  dial  in  Panel  4-3,  Tou  see  that  It  is  graduated  (has 

and  ^  .  The  outer  ring  of  numbers 

 gradua* 

tioas. 


measuremeat  ticks)  in  

contains  the  graduations  and  the  inner  ring,  the 


ERIC 


4  —  37 


So 


ERIC 


(iiriii)  am 

Ail  Unm  di»wa  tlirough  &  point  and  parallel  to  eaiting  grid  linaa  can  be 
to  meuurt  


(two)  (108) 

Study  Panel  4-14.  The  firet  thing  you  should  do  when  performing  resection 
i«  to  ^  .  the   . 


4  — S8 


(».   trae  north,  b.   dockwiM)  (10) 
FBABIE  20. 

A  degree  is       part  of  a  circle.  Therefore,  a  circle  containa  degrees. 

S60 


(mill,  degrees,  mfl,  degree)  (4S) 
FRAME  50. 

A  clever  look  at  a  portion  of  the  dial  (Panel  4-3)  indicates  that  the  measure- 
ment marka  on  the  mil  scale  are  sep&rated  by  mils,  and 

those  on  the  degree  scale  are  separated  by  degrees. 


j 


^  I  \ 

(grid  ftzimuth)  (79) 
FRAME  80. 

Also,  because  a  straight  line  crosses  all  grid  norths  at  the  same  angle,  the 
straight  line  can  be  extended  in  either  direction  and  a  grid  azimuth  taken  at  the 
new  point*  it  crosses  the  


(orient,  map)  (100) 
FBAME  110. 

Do  the  following  exercises  in  resection  on  your  LEAVENWORTH  map. 
Prom  your  present  unknovi'n  location,  you  take  a  compass  sighting  on  the  road 
junction  at  393518.  Mark  the  road  junction  on  the  map,  point  A.  The  magnetic 

azimuth  to  point  A  is  281°  30'.  This  means  the  grid  azimuth  will  be  ^ 


(S6G)  (20) 
Hie  ggiire 


beiow  shows  a  circle  divided  into  degrees.  Note  that  like  an  azi- 


muth, degreoa  ^  numbered  ia  a  (clockwiM)  (coutterelockwlie)  direction. 


270 


225 


(20  mils,  5  degrees)  (50) 

FRAME  51.  tmOBMAHQN  FRAME. 

To  use  the  compass,  the  sighting  slot  in  the  eyepiece,  the  »ghting  wire  in 
the  front  cover,  and  the  tai^t  are  alined.  The  magnetic  azimuth  <»n  be  read  by 
glancing  down  at  the  dial  through  the  lens,  and  reading  the  value  under  the  indeac 
line  on  the  face  of  the  compass. 


S"13 

(grid  north  Unem)  (80) 
FBAME  81. 

Line  A-B  in  Panel  4-11  cr<««a  each  easting  grid  line  at  the  same  

Therefore,  the  grid  azimuth  is  the  same  when  measured  at  

easting  grid  line. 


(2»1*)  (110) 
FRAME  111. 

What  ia  the  back  grid  azimuth  of  291"  ? 


4^42 

ERIC 


(cteokwiM)  (31) 
SiVAME  22. 

Elach  degziM  is  further  divided  into  60  minutes  (written  ai  60')-  Therefore, 
9Yi  degrees  can  be  written   '   


(Qq  OS  to  the  next  fruse)  (51) 
FKAME  52. 

Azimuths  are  read  by  observing  the  mil  or  degree  graduation  appearing 
under  the  index  line.  Indicate  in  the  spaces  prosdded  below  the  magnetic  asimuths 
which  are  shown  on  the  compass  dials  pictured  in  Panel  4-5. 

a«   degrees,    mils 

b.    degree,    mils 


ERIC 


ERIC 


5"15 


(Attgle*  any)  (SI) 
FRAME  82. 

Detenaine  the  grid  aadmuth  of  the  line  in  Panel  4-11  which  is  drawn  from 
Point  Y  to  Point  B.  The  grid  azimuth  is   


(in*)  (111) 

FRAME  112. 

Plot  the  back  grid  azimuth  of  111°  from  point  A  and  extend  the  line  toward 
the  gecen  I  direction  of  your  location.  The  next  step  in  resection  ia  to  take  a 
 —  on  a  second  identified  terrair  feature. 


0  o 
-  / 


4^44 


C9*  SC)  (22) 
FIUME  28. 

Coaiider  that  you  are  standing  in  the  center  of  the  circle  thown  below.  When 
you  face  towardi  any  north  (true,  grid  or  magnetic)  you  are  facing  0°  (or  360'). 
When  facing  to  the  weat,  you  are  facing  degrees. 

NORTH 
0» 


WEST  270*'- 


EAST  90** 


180® 
SOUTH 


(a.   52  degrees  or  940  mils,  b.   266  degree  or  4740  mils)  (52)  ^ 
FRAME  5S.    INFQBMATION  FRAMK  ^ 

When  you  place  a  map  so  that  aU  its  directions  are  alined  with  corresponding 
directions  on  the  ground,  the  map  is  bbM  to  be  oriented. 


4  —  45 


■V 

N 


Turn  to  Panel  4-12.  Determine  the  grid  azimuths  of  the  lines  indicated  below, 

and  complete  the  chart.  (Hint:  Elxtend  lines  A-X,  etc.  in  order  to  read  on 
protractor.) 

One  Grid  Azimutb 

From  Point  A  to  Point  X  _^  " 

From  Point  B  to  Point  X   " 

■Prom  Point  C  to  Point  X   " 


(compass  sighting)  (112) 
FRAME  lis. 

You  now  aight  on  the  second  identified  termin  feature,  a  road  junction  at 
426522.  Mark  this  road  junction  as  point  B.  You  then  determine  the  magnetic 
azimuth  to  point  B  to  be  33°.  What  is  the  grid  azimuth?  


Si  8 

(270  dtfi^eat)  (SS) 
FBABCE  24. 

When  itanding  tkt  the  ceater  of  the  circle  facing  towards  the  north,  ustd 
de^ring  to  face  towards  the  eaat,  you  muet  turn  degreea  in  a  clockwise 

dIrsctiozL 


(Go  OB  to  next  trmme}  (^) 

To  orient  a  map,  you  position  the  map  so  that  map  directions  are  alined 
with  corrwiponding   directions. 


4  —  47 


S«t  4*9.    CONViRSfON  OF  A^fMUTHS 

(45%  90",  S2»'>  (8S) 
FBAME  84. 

Refer  to  your  LEAVENWORTH  map.  Uie  your  protractor  to  measure  the 
grid  aximuth  from  BH  761  at  coortiinates  419491,  to  BM  972  at  coordmatea 
4SS516:  The  grid  aximuth  is  '   '. 


(42*  Sty)  (IIS) 
I'^BAMK  114. 

What  ia  the  back  grid  azimuth  of  42"  30'? 


S2.0 

(90  degrees  (90*))  (24)  ' 
VtL%ME  25.  " 

In  the  apacei  below,  write  the  lueiiinuthi  indicated  in  ikef^es  A  and  B. 


GN 


A  t  8 


A.    azimuth  of   "  B.   a2zimuth  of 


(ground)  (54) 
FRAME  55. 

A  map  can  be  oriented  with  t  compass.  Pajiel  4-6  sh^tws  how  tljiia  orientatioQ 
is  accomplished.  Study  this  panel.  The  compass  sighting  wire  is  placed  over  an 
 Z   line. 


ERIC 


) 


(70'  45'  (45'  in  6i^»tcMi«  s»  sogk  li  gimter  tlum  70*  SO'  Mid  levs  tliaii  71*) )  {S4) 
FRA3IE  85u 

After  determiomg  the  grid  azimuth  from  BM  761  to  BM  972  to  be  70"  45', 
you  am  determine  the  magnetic  (compass)  azimuth  by  (addiii£)  (tubtra>ctiiig) 
9"  30'. 


J 


(222-  SO*)  (114) 
FRAME  115. 

Plot  the  back  grid  azimuth  of  222"  30'.  Extend  the  plotted  line  to  intersect 
with  the  back  aaamuth  line  you  have  drawn  from  point  A.  You  are  located  at  the 
intersection  of  these  two  lines  which  is  at  (coordinates)   ^, 


4  —  50 


(A.  BfMnMtie'azistiilli  of  90*,  B.  Grid  azSmuth  of  270')  (S5) 
FKAME  26. 

Above  the  captions  below,  sketch  in  the  azimuths  called  for.  *Show  the  angle 
size  and  direction  of  meaaurement. 


-V 


ERIC 


A.   Grid  asdxnuth  of  210".  6.    Magnetic  azimuth  of  90°. 

(eaaling  grid)  (55) 
FRAM]S  56. 

Following  orientation,  ail  map  lines  are    to  their  cor- 

responding Uneu  on  the  ground. 


^     4  —  51 


(iiubtrscting.  (Note:  The  conventon  rules  for  converting  grid  and  magnetic 
aaimutiu  are  printed  adjacent  to  the  declination  diagram  In  the  bottom  margin 
of  each  map.  See  your  LEAVENWORTH  map.))  (85) 

FBAME  86. 

The  magnetic  azimuth  from  BM  761  to  BM  972  is  "  


(415510)  (115) 

FRAME  116.  INFORMATION  FRAME. 

In  •  .  e  instances,  where  you  are  standing  on  a  linear  terrain  feature,  which 
can  be  identified  on  your  map  (e.g.,  a  railroad,  road,  river  bank,  etc.)  it  may  be 
necessary  to  sight  on  only  one  identified  terrain  feature  to  perform  resection.  Use 
your  LRA.VENWURTH  map  to  perform  the  following  resection  problem  to  illus- 
strate  how  only  one  azimuth  need  be  drawn  to  locate  your  position  when  you  are 
standing  on  an  identified  linear  terrain  feature. 


S«f  4^.    BACK  AZIMUTH  MEASUREMENT 

GN 


(A.  Grid  asimytii  of  210*.  B.  Magnetic  azimuth  of  90*)  (28) 

FRAME  27/ INFORMATION  FRAMB. 

In  map  reading,  it  is  often  required  that  a  back  a2iinalii  be  determined.  A 
back  azimuth  is  the  reverse  directios  of  m  azimuth.  It  is  comparable  to  doing  an 
"about'face".  It  is  the  opposite  direction  of  the  azimuth.  Back  azimuths  are  used 
to  determine  the  position  of  the  observer  or  unit  when  the  location  is  not  known. 
This    ill  be  discussed  in  later  frames. 


S«t  4-7.    ORIENTATION  OF  MAP  BY  VISUAL  INSPECTION 

(paurailel)  (56) 
FRAME  57. 

When  a  compass  is  not  available,  a  map  can  be  oriented  as  shown  in  Panel  4-7 

by    inspection.  Oripatation  of  a  map  by  visual  inspection 

is  recommended  only  when  a  is  not  available. 


(61*  15  )  (86) 
FEAME  87. 

liefer  to  your  LEAVEInTWORTH  map.  You  are  located  at  Fancy  Bottom 
School,  at  coordinates  339647.  The  grid  azimuth  from  your  position  to  Coffin 
School,  at  coordinates  306600,  is   \ 


(Go  on  to  the  next  frame)  (116) 
FRAME  117. 

You  are  standing  on  the  Burlington  and  Quincy  railroad,  somewhere  between 
lATAN  in  grid  square  2971  and  WESTON  in  grid  square  3664.  You  make  a 
compass  sighting  on  the  church  steeple  in  the  town  of  KICKAPOO,  at  30306295, 
and  read  a  magnetic  azimuth  of  215*  30',  which  is  a  grid  azimuth  of  


(Go  on  to  tile  next  frame)  (37) 
FBAHE  2& 

If  you  desired  to  turn  from  facing  north  (0^)  to  facing  south,  you  would 
turn    degrees, 


(visual^  comp&^)  (57) 
FBAME 

Orientation  of  a  map  by  visual  inspection  conaistfi  of  adjusting  the  pcmition 
of  the  map  until  distinctive  features  identified  on  the  ground  are  in  the  same 

relative  positions  on  the  map.  At  least  ^  prominent  features 

are  usually  needed. 


<215*)  (87) 
FRABfE  88. 

The  magnetic  (compass)  azimuth  of  the  line  from  Fancy  Bottom  School  to 
Coffin  School  is   °  


(225*)  (117)  • 
FRAME  118. 

Pldt  the  back  azimuth  of  225',  which  is  °,  from  the  church  to  the 

railroad. 


4  —  56 


(180*)  (28) 
FR4ME  29. 

If  you  are  facing  east  (90°)  and  do  an  about-face,  you  will  b«  facing 
which  ia   degrees. 


(two)  (58) 
FRAME  59. 

If  you  know  your  ground  position  and  can  idertify  it  on  the  map,  yqu  cap 
orient  the  map  by  alining  your  plotted  position  with  at  least  one  other  feature 
identified  on  the  map  and  visible  on  the  ground.  To  use  this  method,  you  must 

be  able  to  locate  your  position  and  another  feature  both  on  tha  _:  

and  on  the  _^  


4  —  57 


(305*  (S«e  conveniion  niie  iidjsceiit  to  decUnstioD  dlagmn  ob  LEAV£N- 
WOBTH  taup.))  (8S) 

FBAAf£  8S. 

Th«  magnetic  azimuth  of  a  line  from  Coffin  School  to  Fancy  Bottom  School 
is   " 


(45')  (118) 
FRAME  119. 

Your  location  on  the  railroad  is  determir  ed  by  the  intersection  of  the  back 
grid  azimuth  line  of  45*  with  the  railroad.  You  are  located  on  tlie  railroad  at 
coordinates  


ERIC 


4  —  58 


(West,  270*  >  (29) 
FRAME  SO. 

The  facing  movementa,  juat  discussed,  are  shown  as  azimuths  and  back  aa- 

muths  below.  Both  back  asimuths  were  obtained  by  adding  "  to 

the  original  direction  (azimuth)  in  which  you  were  facing. 


NORTH 
UNE  — 


X  o 


2 
(SO  t 


«^  BACK 

AZIMUTH 
I  ANGLE = 

f  0*'+180*'=J80 


NORTH 
UNE  — 


BACK 
AZIMUTH 
^ — DIRECTION 
270*2  ^  

\ 


BACK  AZIMUTH  ANGLE= 
90«+  180**  =  270** 


270** 
90*»  \ 


90< 


/ 


B 


AZIMUTH 
DIRECTION 


180* 


Turn  back  to  bottom  of  page  4'1  /or  frame  SI 


(ground,  map)  (59) 
FRAME  60. 

A  linear  feature,  such  as  a  road,  railroad,  or  stream  bed,  is  useful  for 

orientation  if  vou  can  determine  its  ,  


Turn  back  to  top  of  page  ^-S  for  frame  61 


(25  SC.  (ThiH  is  »  back  magnetic  axtmutii  of  the  msgnetic  ftzimutit  you  oaculsted 
In  the  previouft  frame ;  therefore  it  auty  hfs  obtained  as  205*  SO'  - 180*  —  25*  SO' )) 

(88) 

FRAME  90. 

Refer  to  your  LEAVENWORTH  MAP.  Yoi^  are  located  at  dOFFIN  SCHOOL 
at  coordinates  306600,  and  take  a  compass  sightrng  to  the  water  tower  located 
at  coordinates  333589.  If  your  compass  reading  is  103°,  the  grid  azimuth  to  the 
water  tower  is   "   


1 


Turn  back  to  bottom  of  page  4-2  for  frame  91 

(ssmes)  (119) 

FRAME  130. 

Unless  you  are  standing  on  a  terrain  feature  which 

you  can  identify  on  the  map,  at  leaat  features  appearing  on 

the  map  must  be  sighted  from  your  unknown  location  in  order  to  accurately 
accomplish  resection. 


PANEL  4-1 


MAGNETIC  NORTH,  TRUE  NORTH, 
AND  GRID  NORTH 


TRUE  NORTH 
UNE 


NOTE:   THE  LETTER  "Y"  CAN  BE  USED  INSTEAD  OF  "CN" 


( 


63 


PANEL  4-2 
LENSATfC  COMPASS 


PANEL  4^ 
COMPASS  DIAL 


6400  MILS 


aOO  MILS 


1 


CfiMfWCMi 


TO  COMVf  IT  ft 
10  A  &tfi»  laMUTH 

TO  C09«HIIT  * 
AiMii^TM  Ta  A 


I 

s 
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PANEL  4-5 


MAGNETIC  AZIMUTHS  READ 
FROM  COMPASS 


PANEL  4-6 

TO  ORIENT  YOUR  MAP 
BY  COMPASS 


Aline  lighting  wire  and  notches  at  front  and  re^r 
of  compass  over  any  north-south  grid  line.  This 
places  tlie  index  line  on  the  face  of  the  compass 
pirailel  to  grid  north. 


Rotate  map  and  compass  together  until  the  angle 
formed  by  the  north  needle  and  imicx  line  is  xht 
same  value  and  relationship  as  shown  for  the 
G-M  angle  in  the  declination  diagram  in  the  map 
margin. 


s 


PANEL  4-7 

ORIENTING  A  MAP  BY  VISUAL  INSPECTION 


I'  prordnent  features  such  as  A  and  B  are  usually  needed 

lor  orientation.    You  inust  locate  them  on  the  map  as  well  as  on  the 
grouna,  and  adjust  the  map  ^jntil  both  groimd  features  are  alined  with 
tnelr  map  symbols. 

~\     If  /ou  can  locate  your  positioh  on  the  map,  you  can  orient  it  by 
almiiig  youT<  plotted  position  with  one  additional  prominent  feature 
wnich  IS  risible  frcsn  your  position  and  plotted  on  the  ap. 

-  .l^-f^  ^^^^"^^  ^  ^  necessary  to  know  its  direction 

^clllr  n^l^""^^^  the  orientation.    If  you  cannot  dstermine  the  di- 
rection of  the  linear  feafore,  at  least  one  additional  praninent  fea- 
ture IS  needed  to  orient  the  njap.  piuitujibht-  lea 

i"*  "^"^  ^®  roughly  oriented  by  aetemlning  the  direction  of  true 
'-•'^  i^t^^  V  ^  ^'^^  irdlit^  map  represents  true  north.  lou 
.an  detemine  t>.e  appra3a;nate  direction  of  true  north  on  the  ground  by 
various  expe^ent  methods,  such  as  the.  following-  ^ 
if  ^^^^"^^  '-''■^  Hiovcnjont  of  the  Soii.    L-.  the  northern  hemisphere, 

it  mov..3  from  east  to  3outh  (at  noon)  to  west. 

b.  Locate  Polaris,  the  North  St^r. 

c.  Observe  the  movement  of  .ihadoi;^.    They  mo^-e  frati  west  to  north 


( 


noon)  to  e9  3t. 


If  ycu  stand  with  east  on  your  right,  ycu  -will  be  facj 
4  —  68 


ng  north 


PANEL  4-8 


RFCTANGUIAR 


Protractors 

4  —  68 


PANEL  4-9 

USE  OF  PROTRACTOR  IN  PLOTTING  AZIMUTHS 


3ter?  I;  Select  a  point  froa  which  the  azimuth 
will  be  drawn,  and  construct  a  north  line  throtigh 
the  point  parallel  to  an  easting  (north-south) 
grid  line.    There  are  several  ways  to  construct 
the  north  line.    One  of  the  simplest  is  to  use 
the  map  seals  on  yoUr  protractor  as  though 
reading  the  grid  coordinates  of  the  point  (see 
Part  n,  fraac  32).    The  lag  of  the  sap  scale 
which  runs  through  the  point  is  parallel  to  tha 
easting  grid  linos,    Kark  the  place  wher»  this 
leg  intersects  the  lower  northing  (east-west) 
grid  lire  (the  comer  of  the  scale),  and  draw 
a  line  through  both  that  point  and  the  original 
point,  extending  it  as  necessary. 

i 


Step  2:  Place  the  protractor  index  over  the  point, 
making  certain  the  protractor  index  line  (the  0° 

to  180    line)  is  orer  the  north  line  which  was 
drawn  in  step  1, 


TMIf 


Step  J;  Place  a  aark  on  the  paper  along  the  pro- 
tractor edge  at  the  desinw*  aziaiuth.    In  the  ex- 
ample, a  50^    grid  aaimuth  is  given.  Aziauths 
are  nonually  plotted  froa  grid  lines  on  a  aap, 
and  therefoi^  must  be  jqr^d  asimuths.    If  you  are 
given,  a  magnetic  (compass)  azijmith  you  must  consult  a 
the  conversion  rules  in  the  bottom  margin  of  your 
map.    For  the  Leavenworth  map,  you  see  that  you 
must  add  9^     to  convert  from  magnetic  to  grid 
asijrath.    Hence,  if  a  50°  magnetic  asimuth  w«re 
?h^*mi  yo«  w^ld  plot  a  59^*^  grid~azimuth  on 


PANEL  4-9  (Corttinued) 


step  4  s  ^more  the  protractor  aad  drtw  a  line 
connecting  point  k  idth  the  nark  dr&im  at  50°. 
The  line  is  at  a  grid  aainnith  of  50°  frcaa  the 
point  on  the  north  line  which  was  dra%m  in 
Step  1- 


Note  #1:  If  you  are  using  a  semicircular  or  rect- 
angular protractor,  the  protractor  is 
reversed,  as  shown  at  the  right,  for  plot- 
ting aximths  greater  than  l&O®.    When  you 
use  the  protractor  Iji  this  position,  you 
read  the  inner  row  of  angle  values  (ISO® 
to  360°),    The  requireront  to  convert  from 
magnetic  azimuth  to  grid  asisuth  before 
plotting  on  the  map  applies  regardless  of 
the  position  of  the  protractor. 


Note  /^2;  Back  asiauths  may  also  be  read  directly 

froB  your  protractor.    If  your  protractor  is 
circular  or  square,  extend  the  azisuth  line 
to  intersect  the  opposite  side  of  the  pi^- 
tractor  and  read  the  back  salinuth,  making 
sure  that  the  aaiiauth  line  passes  through 
both  the  point  and  the  protractor  index  point. 
If  you  have  a  rectangular  protractor,  with 
the  double  row  of  degree  values,  notice  that  the 
the  inner  row  of  values  corresponds  to  the 
back  asifionths  for  the  outer  row  of  values,  and 
vice  versa.    For  «caiople,  if  you  measure 
an  azimuth  of  40° .  note  that  the  corresponding 
back  azimuth,  220°,  is  given  on  the  'inner 
scale  for  the  same  measurement. 
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PANEL  4-10 
MEASURING  AZIMUTHS 


I 


DETERMINING  GRID  AZIMUTHS 
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PANEL  4-13 
PfRFORMlNO  iNTtRSECnON 

V 

Locating  &n  unknown  point  by  tUccdtaively  occupying  two  (or  mors) 
known  position*  and  lighting!  on  the  unknown  point  ii  called  XNTEHSECTION. 


Method:  '  t 

A.  Orient  map. 

B.  Determine  your  location  {^t  B).  take  lighting  to  unknown  point 
(A),  convert  to  grid  azimuth,  and  plot  aximuth  (B-A)  on  your  map. 

C.  Move  to  new  point  (Q,  determine  location,  light  on  A,  con- 
vert to  grid  azimuth,  plot  asimuth  (C-A)  on  your  map. 

D.  Intencction  of  azimuthi  (B-A  and  C-A)  on  your  map  pinpoint! 
map  location  of  previouily  unknown  point  A. 


4  —  16 


PANEL  4-14 
PERFORMING  RESECTION 

Locating  your  txjsition  by  aiming  on  two  known  featurts  is 
callsd  SES^CTIOK.  ^ 


X 


A.  Orient  map, 

B.  Idttntify  two  (or  more)  prominent,  terrain  features  (A  and  B)  and 
locate  these  on  your  map,  '     '  •  j, 

C.  Take  compass  siphtinga  -on  features  A  and  B;  convert  to  grid  aaiimxths. 

D.  Plot  back  grid  aziamths  from  A  and  B  toward  your  position  on 
the  map. 

E.  Intersection  of  the  back  azimuths  on  your  map  pinpoints  your 
previously  unknown  position  (X). 


5~41 

PAjlTV 

REUEF  ^ 
S«t  5-1.    CONTOUR  UNES  AND  ELEVATION 

FRAME  1. 

T&e  diffeiencei  in  ahspe  and  height  of  the  earth's  lurface  are'  called  relief. 
On  a  map,  relief  ii  abown  by  aymbola  called  contour  Unea.  Contour  Unea  show 
the  -  (dilferencea  in  helghta)  off  the  ground. 


( 

J 


(leMt  tupplementary)  (19) 
FRAME  20. 

Supplementary  contours  are  shown  by  dat^iusd  llnei  on  the  map.  Refer  to  the 
marginal  information  (bottom  center)  on  the  LEAVENWORTH  map.  What  ia  the 
ini^erval  at  which  supplementiury  contours  are  drawn? 

a.   S-foot  b.   10-foot  c  2Q-f,oot 


V 


ERIC 


^48- 


C860  fMt)  (S8) 
nUM£  39. 

Often,  the  point  whcwe  elevation  you  wish  to  determine  falls  between  the 
contour  Unes  shown  on  the  map.  If  it  falls  in  the  middle  or  close  to  the  middle 
of  the  space  between  contoura,  you  give  it  the  value  that  is  halfway  between  the 
contours.  If  it  is  closer  to  the  lower  or  upper  contour,  you  give  it  the  value  of  the 
closest  contour.  If  another  road  juncUon  were  halfway  between  the  960-  and 
980-foot  contour  lines  (horiiontal  distance)  it  would  be  considered  halfway 
between  the  960-  ahd  980-foot  elevations  (vertical  distance)  or  at  an  elevation 
of  


(profile)  (57) 
FRAME  58. 

Step  2.  Find  the  value  of  the  highest  and  lowest  contour  lines  that  cross 

or  touch  the  sroSte  line.  In  Panel  5-13  what  is  the  higest  contour  elevation,  and 

what  is  the  lowest?  ^  '  { 

Highest                    ^  Lowest  ^ 

ft.    540  a.    400  ' 

b.  600  b.   420  . 

c.  640                •  c!    460            •  /  Tn 


i 


5  —  2 


\ 


inUei)  (1) 

On  the  map,  relief  (change  in  height  and  shape  of  the  ground)  is  pictured 
by  the  brown  lines  called  contours  or  contour  lines*  Since  a  hill  is  a  relief  feature, 
it  U  sh"iwn  on  the  map  by  , 


^b.  lO^footp  Note:  Supplementary  contours  are  usually  &1  ied  a  oie^half  the 
contour  IntervaL)  (20)  < 

Elach  contour  Une.  whether  index*  intermediate  or  supplementary,  represents 
the  saue  elevation  wherever  it  appears  on  the  map.  In  other  words,  all  points 
on  a  contour  line  are  at  the  same  — . 

,  s 


(970  feet)  (S9) 
FRAME  40. 

Spot  elevations  and  bench  markB  (identieed  in  the  legend  of  your  LEAVEN- 
WORTH  map)  are  elevations  which  have  been  measured  by  surveyors  or  map 
makers  at  prominent  locaUoni,  such  as  road  junctions  and  hiiltops.  Along  the 
south  edge  of  the  LEAVENWORTH  map,  the  number  946.  between  grid  Unea  31 
and  32,  refers  to  a  road  junction.  This  is  the   of  the  junction. 


ib.    600.  c   460)  (58) 
FRAME  59. 

Step  S.  Add  one  contour  interval  value  to  the  highest  and  subtract  one 
value  from  the  lowest  contour  elevation.  This  will  uke  care  of  the  hilltops  and 
draws.  The  contours  to  be  drawn  in  the  profile,  including  the  added  and  sub- 
tracted values,  range  from    to  

a.    400,  600  b.    420,  640  c.    440,  620 


(contoars)  (2) 
FBAfifE  S. 

Refer  to  coordinates  4152  on  your  LEAVENWORTH  map.  Note  the  many 
brown   i   which  indicate  hilly  terrain. 


(elevation)  (21) 
FRAME  22. 

The  contour  interval  is  the  verttcal  distance  represented  between  one  contour 
and  the  next  one  to  it  Whatever  the  horizontal  distance  between  the  two  con- 
tours, the  vertical  distance  between  them  is  the  


(elevation)  (40) 
FRAME  41. 

Prominent  feature  (hiUtopa,  road  junctions)  may  be  referred  to  by  their 
elevations.  For  example,  the  hill  at  grid  coordinates  486536  on  the  LEAVEN- 
WOR'aH  map  could  be  called  which  of  the  following? 

ft.    hUi  967  u.    hill  769  c    RJ  970 


(c.    440,  620)  (59) 
FRAME  60. 

Step  4.  Pl^ce  a  sheet  of  lined  paper  along  the  profile  line  with  ,  the  )inea 
parallei  to  the  proille  Hae  (Panel  5-14).  (Graph  pap4>r  may  be  used  or  uniformly 
spaced  lines  drawn  on  a  blank  sheet. )  A  line  is  needed  for  each  contour  between 
the  values  determin&d  in  step  3.  Including  lines  for  the  440  and  6*20  contours 
how  many  are  needed  for  che  profile?  (Panel  5-14) 

4 

6  b.    8  i..    10  . 


5  —  6 


ERIC 


(contour  Ubm)  (S) 
FBAME  4. 

A  contour  Une  stands  for  height  above  a  e^rtain^vel  called  base  plane  or 
datum.  Thus,  a  960-foot  contour  line  means  it  is  960  feet  above  the  _.' 


Set  5-2.    DETERMINING  GROUND  SHAPES  ROM  CONTOUR  UNES 

(mme)  V£2) 

FRAME  23.  EVPOBSfAXIOBT  FBAME. 

You  can  determine  ground  shapes  —  the  size  and  shapes  of  hills  and  valleys, 
steepness  of  slopes,  and  related  terrain  conditions  —  by  studying  the  shapes  and 
patterns  of  the  contour  lines.  A  careful  examination  of  the  contour  lines  on  the 
map  is  therefore  necessary  to  properly  *'see'*  the  terrain  in  which  you  intend  to 
operate.  This  would  enable  you,  for  example,  to  avoid  exc^siveiy  steep  slopes 
and  other  hindrances  to  your  actual  travel  on  the  groimd«  and  to  avoid  locating 
bivouacs  and  vehicle  parks  in  areas  subject  to  flooding. 


S«f  5-4.    COMPUTING  SLOPE 

(ft.   hill  967)  (41) 

FRAME  4^  IMFOBMATIOX  FEA3f£. 

You  will  recall  that  when  you  learned  about  contours,  you  saw  that  contour 
spacing  on  your  LEAVENWORTH  map  indicated  the  type  of  slope.  Closely  spaced 
contours,  for  example,  represented  a  steep  slope.  The  steepness  of  slopes  is 
obviously  very  important  in  planning  the  movement  of  a  unit,  since  steepn^ 
affecU  mobility,  concealment,  use  of  plunging  fire,  etc.  In  the  neart  few  frames, 
you  will  leara  j)^w  to  compute  accurately  the  slopes  or  gradients  of  the  ground 
on  which  your  imit  may  have  to  operate. 


I 


(c.  10.  The  difference  in  elevation  (620-440)  is  180  feet  or  nine  20-foo^  intervals. 
U  will  require  10  lines  to  show  these  nine  intervals.)  (60) 

FRAME  61. 

Step  5.  Starting  with  the  lovest  value  at  the  bottom,  label  each  line  con- 
secutively with  its  proper  contour  value  (Panel  5-14).  You  will  have  10  labeled 
lines  ranging  from    to  

a.    440  -  620  b.    460  -  600  c.    480  -  580 


(datum  (base  plane))  (4) 
FIUME5. 

The  datum  used  on  military  maps  is  mean  sea  level  (average  sea  level).  The 
960-foot  contour,  no  matter  on  which  map  it  is  drawn,  is  always  960  feet  above 


(Go  on  to  the  next  frame)  (SSr 
FBAME  U. 

Peaks  or  hilltops  (Panel  5-2)  are  easily  identified  because  the  contours  close 
to  form  concentric  circles,  ovals,  or  loops.  Remember,  contours  forming  concen- 
tric loops  depict  - 


• 


5  — ^ 


ERIC 


\ 


iGo  on  to  next  fnune)  (42) 
FBAM£  43. 

Ground  slope  is  a  ratio  of  vertical  distance  to  horizontal  distance  or 

vftrticai  distance  ^ 

 .  Thia  ratio  expre&sed  as  a  simple  fraction  is  called  a  gradient. 

horizontxil  distance 

The  gmdient  is  one  way  of  expressing  


HD 

(Horizontal  Distance) 


VD 

(Vertical 
Distance) 


(».    440^CI)  (61) 
FRAM£  S2. 

Step  6.  Mark  the  poaitioii  of  the  staiting  and  finishing  points  (A  and  B) 
on  the  edge  pf  the  lined  paper  (Panel  5-14).  (Include  any  of  the  points  with 
known  elevations,  such  as  road  junctions.)  In  effect,  you  have  marked  the  distances 
between  these  points  on  the  paper's  edge.  This  corrsflponds  to  which  distance 
between  the  points? 


horizontal 


b.  vertical 


5  —  10 
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(mean  se*  level)  (5) 

On  mapa,  the  vertical  distance  or  height  above  mean  sea  level  is  called  etova^ 
tkm.  The  960-foot  contour,  being  960  feet  above  mean  sea  level,  is  960  feet  in 


(hills  (peaks  or  hiUtops))  i2i) 
FRAME  25. 

Contour  lines  that  show  a  relatively  low  point,  frequently  between  two  hilltops, 
along  a  formation  of  high  ground  indicate  a  saddle  (Panel  5-3).  As  a  general  rule^ 

a   is  a  noticeably  low  spot  along  the  crest  of  a  high 

formation. 


^  5  —  11 


ERIC 


(slope)  *4S) 
FRAME  U. 

To  compute  gradient,  the  horizontal  and  vertical  difitance  must  always  be 
the  same  units  of  measure  such  as  feet,  -  yards,  or  meters.  When  the  slope  is 

VD 

expressed  as  a  fraction  ( —  in  the  same  units),  it  is  c&iled  a  

HD 


V 


(a.    horizontal)  (62) 
FRAJWE  63. 

Step  7.  From  the  starting  and  finishing  marks,  draw  perpendiculars  straight 
down  across  .the  horizontal  lines  to  their  elevations  as  indicated  by  "the  spaced 
and  labeled  lines.  Mark  these  elevations  with  a  dot.  For  example,  the  starting 
point,  A,  (Panel  5-15)  has  an  elevation  of  53S  feet.  The  perpendicular  should 
be  marked  between  the  520  and  540  lines  at  an  elevation  of  feet. 


5 


^(elevation  (Note:  In  ni»ppiag,  elcvatioo  in  height  above  mean  sea  level,  whereu 
in  artillery,  ekvatioB  b  a  vertical  angle  or  angular  height  from  a  horizontal 
plane.))  (6) 

FBABfH  7. 

Refer  again  to  coordinates  4152  on  your  L£I^VEI>fWORTH  map  and  you  will 
And  900  printed  in  brown  on  a  contour  line.  This  racana  that  the  ^00-foot  contour 
being  900  feet  a*'ove  mean  sea  level  is  900  feet  In  . 


V 


(sftddle)  (25)  ^ 
FRAME  26. 

A  Yidge  is  a  formation  of  high  ground,  often  consisting  of  a  series  of  connected 
peaks  and  saddles.  The  ridge  ''line*-  follows  the  backbone,  or  highest  points,  through 
the  formation  (Panel  5*4).  Contours  cross  the  imaginary  ridge  ''line'*  right 
angles  and  turn  back  to  parallel  the  ridge  line.  The  series  of  connected  peaks 
and  saddles  along  the  backbone  of  a  formation  of  high  ground  defines  a  . 


(grBdient)  (44) 
FRAME  45. 

The  contour  interval  (vertical  diatance  two  contours)  is  20  feet.  The  hori- 
zontal distance  between  the  same  two  contours  measures  100  feet.  The  gradient- 

20  feet  1 

(ground  slope)  between  these  contours  is   or  -.  What  is  the  gradient 

100  feet  5 

if  the  horizontal  distance  between  the  contours  increases  to  600  feet? 

a.   —  b,   —  0^ 

5  30  600 


(538)  (63) 

FBAilf£  m.  , 

Step  8.  At  each  inontour  line  crossing  or  touching  the  profile  line,  draw  a 
perpendicular  to  its  corresponding  elevation  and  mark  this  point  (Panel  5-15). 

The  profile  will  cross  through  all  the  marked  points  and  shows  the  

view  of  the  ground  (npt  to  scale). 


5  —  14 


• 


ERIC 


(eleratloB)  (7) 
FBABfE  8. 

Befer  to  grid  square  2S52  on  your  LEAVENWOR'Of  map  and  you  wiU  find 
another  contour  wh(^  height  is  printed  in  brown  on  the  contour  line.  The 
elevation  of  the  contour  is   feet. 


(ridge)  (26) 
FRAME  27. 

A  protrusion  or  extension  from  a  hill  or  ridge  into  lower  ground  is  a  spar. 
The  contours  foUow  around  the  spur  in  a  U-shape  with  t^e  U  pointiag  downhill 
(Panel  5^).  The  distinguishing  characteristic  of  a  spur  is  the  contour  pointing 
downhill  in  a  shape. 


V  b,    U  c.  M 


5  —  15 


^     I    VU       20  feet  I 
(b.   —  .        =    ~)  (45) 

SO   UD       600  feet  30 
FRAME  46. 

VD  1 
Slope  can  also  be  expressed  as  a  percent  or  —  x  100.  The  —  gradient 

HD  30 

of  the  Isxmt  frame  eqxials  —  x  100  or  3.33  percent  slope.  What  is  the  percent 

30 

slope  of  the  100-foot  spacing  in  the  previous  frame? 

a.    5  b.    20  c  33 


(siide)  (64) 
FKAm  65. 

Step  9*  The  higher  pointa  along  the  profile  line  will  be  the  hilltops  and 
ridges.  The  lower  points  will  be  the  draws  and  depressions.  Mark  the  positions 
of  each  one  and  draw  the  perpendiculars  across  the  horizontal  lines  to  their 
elevation  points  on  the  ruled  spaces.  (See  Panel  5-16/)  The  profile  will  change 
direction  (up  to  down  or  vice  yersa)  at  these  critical  points  which  define  the 
  and  „  points  along  the  profile. 


5  —  16 


r 


f 


(1000)  m 

FK4ME  9.  INFOBSfi^ON  FE^SiC. 

Ref ei*  to  grid  square  2852  again.  You  s«e  tk&t  tliert  are  mmy  other  contour 
Unm  be«id«i  Om  om  you  found  to  be  1000  feet  m  eIev«tio«.  You  wiU  now  \mm 
how  these  other  contmur  !in«0  show  changes  in  devations.  i!laeh  of  thaee  (COKtoar 
lism,  tiiMCis  not  niUBiborid,  alio  K>epr«aenta  a  i^ediis  ground  devatloa.  On  thft 
IiBAVENWOl^TH  map,  each  change  elevation  of  20  feet  la  shown  by.  a  solid 
contour  line. 


(U)  (27) 
FE/IME  2&, 

As  contour  lines  approach  draws  (beds  of  nmning  or  dry  streams),  they  tiuru 
upstream  and  run  along  the  sides  until  they  cross.  Contours  ero^  draws  and 
turn  back  in  a  characteris^c  V  shape  with  the  V  pointed  u{wtrMun  (Panel  5^). 
To  identify  a  draw,  you  must  locate  the  upstream  pointing  of  the 
contours. 

a.   V-shape.  b.   U-shape.  c  M-shape. 


• 


5  —  17 
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(is.  20.  \ —  X  100  =  SO  iterceat  siope)  (46> 
XOO 

FRAME  47. 

Refer  to  your  LEAVENWORTH  map.  You  want  to  find  tiie  percent  of  slope 
of  the  ground  between  the  dirt  roftd  junction  at  and  iuUtop  967  to  th& 

northeast.  You  must  determine  first  the  ;  distance  and  tiie 

 ■;       distance  between  the  points. 


(higher,  lower)  (65) 
FEAME  66. 

Step  10.  Connect  all  marked  points  with  a  smooth  natural  curve.  ^See 
Panel  5-17.)  The  curve  will  change  direction  at  the  i^rpendicular  lines  indicating 
high  and  low  points.  At  the  hilltops  (ridges)  the  curve  will  be  smooth  and 
rounded,  whUe  in  the  di^ws  it  will  turn  back  in  the  form  of  a  shape. 

a.    U  b.   V  c  M 


Look  ftt  Pftnel  5-1.  It  ahowi  a  hozizoatal  plane  cutting  through  »  hUL-  Tba  ;  ' 
line  maridng  a:i  the  points  where  this  plane  cuU  tim  hlU  is  at  the  same  ekvation*  ^ 
It  is  called  a    line* 


\ 


1  , 


(a.   V-HlHipe)  (28) 
FBAME  20. 

Iq  mouat&inji  or  4il]ji  of  higher  elevations,  draws  are  narrow  but  m  they 
reach  lower  elevattons,  they  become  larger  and  are  often  wide  enough  to  permit 
at  lea&t  linrited  maneuvering  of  a  military  unit.  wide  portions  ar^  called 

v&Ueys  (I^ei  545).  The  retain  the  V-»hape  ch&ntcteristics 

of  a  draw. 


5  —  19 


ERIC 


ERIC 


FBA^  4S. 

Use  the  edge  of  »  sheet  of  paper  to  measure  the  horiscmtfti  diitazice.  Tranafer 
this  measurement  to  the  bar  scale  (in  YARDS)  and  re&<!  the  oumber  of  yards. 
Multiply  the  yard  roidiisg  by  3  and  yoii  have  the  horizootai  distant^  m  feet  What^ 
is  the  appro3dmmte  dist&ace? 

a.   S5  h.   500  c  1400 


(b.   V)  (66) 

FEAME  67-  *^ 
For  a  hasty  profile,  only  the  contours  identifying  the  high  mr*  low  points  art 
plotted.  (See  Panel  5-18.)  The  remainder  of  the  profile  is  completed  by  joining 
these  points.  The  high  and  low  points  identify  which  map  features?  ~ 

a.   ridges  and  draws       b.   road  crossings  c.   woods  }  nea 


5  —  20 


i 


(OOlltCHtr)  (10) 

A  Goatour  Une  drawn  &bov«  or  beiow  th*  first  oa«  would  be  at  «  dltferant 

elevation.  The  contour  mterval  ia  tJie  difference  in   .  between 

a4}A(^t  oi^tOiUr  Uttaa.  If  XOOO-foot  and  9S0-f oot  contmirs  are  adjacent  contoun 

on  a  map,  tisc  contour  interval  ia  feet  (Panel  6-1)  Tlie  new  lowejf 

contour  line  going  down  t^wardi  a  stream  or  draw  woiild  be  


-  '  ■  ■> 


(^^alkysl  (29) 
FEAME  SO. 

A  large  ^le,  aink^  or  deprea&lon  in  tlie  ground  (Panel  5-6)  ia  ahown  by  a 
closed  loop  contour.  Ticks  are  added  inside  the  loop  to  indicate  tbat  the  lower 
ground  ia  inaide  tbe  contour.  Wben  ticks  appear  along  a  contour,  they  indicate 
that  the  ground  on  that  side  of  the  contour  is  


5  —  21 


ERIC 


(1400.  T&A  tlbtAXioe  me«»ujrea  ftbout  470  y«rdi*  on  the  Iwtf  M»£e  »acl  therefore 
ftppHoacfjuMtely  1400  feet)  (48>  ' 

FBAME  - 

For  the  vertic&l  distance,  start  with  the  road  junction.  It  falls  halfway 
between  the  900-  and  the  920-foot  contours,  or  at  feet 


(a.    ridges  and  drawn)  (67) 
FBAME  eg. 

The  prafUea  just  compl*»ted  can  be  exaggerated  in  a  verticil  direction  depend- 
ing upon  the  spacing  between  the  parallel  horizontal  lines.  This  exaggeration 
may  b?  varied  to  ^m*  any  purpose  by  changing  the  of  the  Unes. 


5  —  22 


i      .  • 

■  \ 

i«fevati(Mi,  ZO  (1000 -ago  C<IUr«raio»  in  elmliim)  W  f«et)<m)>  ill) 

No  matter  bow  far  ttpart  two  a^jaceat  contours  axe  drawn  ob  the  map,  th^ 
coatour  interval  definea  the  difference  ia  between  theae  two 

linei.  V  *  ^ 


(lower)  (SO) 

Eokc|e  and  r&ilroade  dvt  eat  tlirough  hills  and  spurs  and  are  huUt  on  fiUs  across 
draws  and  low  places  (Panel  5*?).  On  a  map,  cuts  are  indicated  by  solid  brown 
lines  that  are  parallel  to  adjacent  roads,  railro&dst,  or  other  manm&de  f^tui^ 

IfTJls  are  also  indicated  by   lines  adjacent  to  rc  acta,  railroads, 

or  other    f^turesi  but  have  ticks  added  to  indicate  the 

direction  of  lower  grv^und.  ^ 


(910) 


FBAME  50.  « 

The  meaBar«d  ekvution  abov«  ae&  level  of  the  top  of  tbe  liill  (967  feet)  i* 
afao^u  on  the  map.  To  fiwi  how  high  the  hiii  ii  above  the  aurroundiag  terrak 
(vertical  difttfttice),  subtract  the  elevaticm  of  the  bottom  of  the  fk>{>e  at  the  ex^oii- 
roade  (910  feet)  from  the  elevation  of  the  top  of  the  hiii  (067  teet).  The  vertical 
diitance  ie   feet 


ERIC 


Set  5-6.    USE  OF  PROBLE  TO  SHOW  AREAS  OF  CONOEAIMEHT 

(spacing)  (68) 
FBABfE  m. 

Profiles  arc  used  to  determine  where  friendly  sud  enemy  forces  are  intervisible 
(can  see  each  other).  The  high  points  will  block  the  view  or  Esse  of  sight,  and 
anything  behind  the  pointy  will  n^t  be  seen. 


5  —  24 


(«lmttott>  (It) 
FK4ME  IS. 

Refer  to  th*  margmal  ia£oirmfttio&  (bottom  center)  of  the  USAVBNWORTH 
xoMj^  What  is  th«  amtour  interval  for  that  xoap?  * 

ft.   5  f«et  k    10'  f«et  e.   20  f e*t 


\ 

(p^raUdl)  (miMimftde)  (31) 

The  horizontal  spacing  between  two  adjacent  cnntoum  r&pr^nts  the  hoii> 
xont&l  dtitanci*  between  the  two  elevations  on  tha  ground.  (See  Panel  5^.)  The 
slope  of  the  ground  between  two  contours  is  "plct;ured"  by  the  ^mtour  interval 
(vertical  distance)  and  the  spacing  or  ■      "  distance. 


f 

\ 

.(57  fMt)  <50) 

-  The  vertical  diiit«&^  h%m  tins  biUtop  to  eroa«roada  ii  5T  i«6L  Tbm  boritonUl 
distaiiCiB  b«t^erMa  Ui»  hiU  and  aroMrx9«d«  you  fouM  to  be  1400  f«et.  The  slope 

VD        &7  feet 

of  the  MMnS^  is  — ,  or  .  Wliat  i»  the  p«rce&t  slope? 

*     .      HD      1400  feet 


2. 

25 


bi.  2^  e.  4 


(high)  (68)  ' 
FBAME  70.  ^ 

'  Refer  to  F&nei  5-12.  ProMe  A  has  an  ^b^rvatioa  point  at  the  left  w;tb  the 
line  of  sight  drawn  over  each  intervemag  hi^h  pomt.  The  shaded  azm<t  behiad  the 

Mils  and  imder  the  line  of  sight  are   (since  a  line  of  sight 

in  always  a  utrsight  Urn). 

visible  b*    invifiible  «  * 


ERIC 


ia^*rv»l  btlvrMa  pk;iM  is  ti}«  '  '   ,  (P&SAi  5*]^. 


Contour  patttmii  indicate  Ateepaoeia  of  groimd  ftlopft.  (Pia«l  Widaiiy 
ipuced  coQtouTi  indicate  &  gentle      ..^  ..  .  Steep  slope  i«  indiofkted  by 


spaced  contoisnk 


0  ^  ■ 


5  —  27 


57 

(e.   4.  — -~  X  100  =  4  p«reoiit>  (51) 
1400 

Slope  9aa  aImq  be  eocpressed  as  an  axH^e  or  "degree  of  atope"  (lee  iki«tch). 
The  gradient  coavertoi  to  &  decimal  i»  the  tangeat  of  tlie  slope  aagle.  For  eaamiple,  , ' 

1 
5 

angle  or  of  slope  and  is  f oimd  in  a  table  of  tngonometrlc  fua«tl04v«, 

side  opposite  VD 


02,  expressed  as  a  decimaL  This  \nalue,  0^,  is  tlxe  tangent  of  the  sl^pe 


The  tangent  of  the  angle  of  slope 


sld^  adjacent  BD 


(side  opposlce) 


(side  adjacsnt) 


(b.   InvtsOMe)  (70) 
FEAME  71. 

The  shaded  areas*  (Panel  5-12)  also  can  tell  you  heights  of, objects  which  will 
be  concealed.  You  measure  these  heights  from  the  contour  line  values  on  your 
profile.  Shaded  areas  show  the    of  objects  that  cAn  be 


5  —  28 
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(MAtow  UtamJ)  (14) 
FBAHE  10. 

Contour  linat  are  dmwn  m  brown  Unai  oa  tins  mapw  Every  ifMii  Hue  (itartixxf 
from  asuD  elevmtioo}  ta  nude  heavier  and  if  edled  sb  ladex  contour.  Printinf  the 

cofitoun  £&>  hflftvier  Uqm  T**ft%fff  tbe  nUtp  <MiMr  to  itMid. 


FBAHE  34. 

Referring,  to  your  LEAVENWORTH  map,  grid  square  2S49  would  appear  to 

have   slopes  compared  to  the  slope  in  most  of  the  area  in  grid 

square  2949.  ^ 


FRAMB  5S. 

If  you  consult  a  table  of  trigonomi@tric  functions,  you  tiiat  .2  is  the 
tangent  of  IV  20'.  Approximmte  slope  angle  or  degree  of  slope  csn  sUso  be 
calculated  without  the  use  of  the  tables.  Multiply  the  gradient  by  5f^  asd  the 

1 

result  is  the  approidnfiate  angle  of  slope  in  degrees.  For  example,  —  gradient  = 

30 

1 

—  X  £7.3  =  1.8  or  2°  of  elope  when  rounded  o£.  What  Is  the  approximate  s^pe 
30 

1 

in  degreeii  if  the  gradient  is  -? 

5 

a.   5  b.   SMj  c  11^ 


(I»»ghts)  (71) 
FRAME  72. 

The  extent  of  the  hidden  area  (In  a  hori»>at&!  direction)  is  determined  by 
transferring  the  shaded  area  points  back  to  the  map.  Several  prol^les  radiating 

from  the  observation  point  will  deSne  the  ^  of  the  area  hidden 

(Panel  5-12). 


5~S0 


ERIC 


FBABfE  16. 

As  you  have  seen*  the  'UElkVWWQRTH  map  hm  &  contour  iaterval  of  20 
ftet  whktt  indic&tef  a  difference  in  height  of  20  feet  between  eontours.  You  note 

from  your  map  that  the  index  contours  (every  Mth  contour)  are  the  ^..^ 

foot  contour  Unea. 


Evenly  spaced  contous^  indicate  a  uniform  slope  (Panel  5-10).  If  they  are 


(gefifle)  (S4> 


cloaely  spaced,  they  represent  a 
spaced,  a   


uniform  slope;  if  widely 


uniform  slope. 


/ 


5 


(c   11  Vj*  -  X  57^  =  IIH  degrees  of  slope.  Note:  This  metlaod  is  reasoBuiWy 
5 

accurate  ap  to  ZQ  degrees  of  slope.)  (5S> 
¥&mE  54. 

Slope  may  be  risiag  (up)  or  falling  (down)»  and  a  pliis  or  minus,  respectively, 
is  added.  The  slope  of  a  road  is  3  percent  from  elevation  500  to  elevation  5S0. 
How  is  this  ezpn^sed? 

a.    +2  percent  b.  -<3  pen^t 

J 

I 


(extent)  (12) 
FRAME  7S. 

Using  the  heights  of  the  hidden  area  (defilade)  from  the  profile,  a  commander 
can  select  the  best  route  to  cover  the  movement  of  troops  and  equipment.  On 
profile  A,  Panel  5-12,  how  many  of  the  three  draws  will  safely  hide  vehicles  and 
troops? 

a.    1  b.    2  e.  3 


5  —  32 
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(10^)  (le)  ^ 

Ag&iu  cm  your  LilAVENWORTK  ma^,  what  are  the  two  index  coatoura  iihown 
in  grid  sqo&re  2852  and  grid  square  2S50  respectively? 

'':t 


(fiieem  gea^)  (S5> 

Change  In  contour  spadag  aloag  a  slope  also  indicateii  a  type  o£  slope.  Cloiely 
spaced  contours  (steep  slope)  at  the  top  and  wider  i^cing  (gentle  slope)  at  the 

bottom  (A,  Panel  5-10)  represent  a    slope.  Wide  spacing 

— <gentle  slope)  on  top  and  eloae  spacing  (steep  slope)  near  the  bottom  (B,  Panel 
5-10),  indicate  a   slope. 


ERIC 


ERIC 


Set  5-5.    CONSTRUCTfNG  A  PfiOHlE 


<M.  -I-S  percent  Thk  slape  is  up  or  rkioi;  from  50^  ta  5S0.  In  it»  oUber  dlrectloB* 
the  ftiope  from  580  to  500  i«  micii*  (down  or  fftUliig>  (54) 

FBAME  55.  INFaEMATION  V&AMSL 

A  proMe  or  «kie  view  (ctms  tectioii)  of  fbe  girooad  akmg  &  selected  Ime  or 

direction  can  be  used  to  detenniae  wbare  friendly  and  eoemy  forces  are  mtervisible 
(can  see  each  other).  Certain  high  points  might  block  the  view  or  liiie  of  sight 
from  one  point  to  another.  The  next  few  fi^es  wiH  show  you  haw  to  cos»truct 
a  profile  of  the  grouM  from  the  contours  shown  <m  your  map  f(»r  the  asms  axm 
(see  Panel  5-12). 


$•*  5-7.    ADDSTfONAi  MAP  TECHNIQUES  WHIOf  SHOW  SaiSf 
<b.   2)  (7S) 

FBAME  74.  a 

Hachureii  are  short  brown  lines  or  ticks  drawn  In  a  pattern  to  reproient  land 
forms  (relief).  The  length  and  spacing  of  the  ticks  create  a  picture  of  the  slopes, 
but  do  not  indicate  amounts.  H&chures*  addai  to  contour  mapai,  show  detail  too 
small  to  be  indicated  by  the  contour  interval.  What  other  brown  line  symbols  do 
hachures  replace  in  this  case? 


a.   index  contours     b.   intermittent  streams    c.   suppiementsts^  contours 


5  —  34 


'1  4 


'  -  •  I   .,    ,         .  .   ,  _   .  .  .  .  .         ■         .    .  ^  .   0  .  


amK  nm  an 

Ttus  four  coatour  Unes  between  index  contours  are  caUed  iateiinediftte  oo«- 
teuftt.  The  brown  Une  is  iMnoer  ^tbsn  the  index  contour,  and  usttaUy  elevation* 


ar«  not  shown  on4iia«e  lines.  The  thin  lines  between  index  contours  are  caUed 


the  ^  contours. 


•     .  . 

(eoBoave,  oeavex) 

As  the  ground  sSoi>e  incr^sea  In  steepoc^  the  contours  appoir  doser  to- 
gether. On  a  vertical  slope  or  dUT,  there  is  no  borisontal  spacing  between  contours 
(Panel  5-11).  They  appear  as  a  single  line.  When  contours  on  a  map  run  into 
a  single  line,  the  ground  formatSon  is  a  . 


5  — S5. 
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I 

(Go  on  to  the  mxt  fr&me)  (55) 
FR^aCE  56. 

A  profile  can  be  constructed  between  any  two  points  on  a  contnur  map.  For 
example,  the  slopes  of  a  road  between  road  junction  538  A  and  road  junction  52()  B 
in  Panel  5-13  are  required.  Tk^  prcuSle  alon^  this  line  (Pmnei  5*13)  will  show 
all  the    » 


(supplen^tary  oontoiirs)  (74) 
FHAME  75. 

Relief  may  also  be  indicated  on  maps  by  layer  tlnting»  tthaded  relief «  and  form 
Hues.  These  methods  are  described  in  FM  21>26,  Like  hachures,  these  methods 
indicate  only  specific  qualities  of  the  land  forms,  such  as  size  or  extent  Measure- 
ments of  the  relief,  such  as  slopes  and  elevation  differences,  cannot  be  made  as 
with  


^   •  > 


5~S6 


(itttermcdiftie)  US)  ' 
F&&ME  19.        •  ^ 

In  rslatively  flat  temia  uress,  relief  di&iiges  are  gradual  so  thftt  tiiA  contour 
interval  (20  feet  for  LEAVENWOR'm  map)  may  b«  too  gr«*t  to  ahow  criticai 
landforma.  HappieisaNitary  eectoars  are  acidad  in  tbaM  ar«aa  only,  to  ahow  tlie 

changes  of  tbsn  20  feet.  When  contoura  are 

ua«d,  an  explanatory  note  ii  placed  in  the  margin. 


Turn  back  to  bottom  of  pagiS  5-1  for  frawne  20 

(cUff)  (S7)  ^  ^ 

FBAME  S8. 

Contoum  also  provide  elevation  infommtion  for  the  locationa  on  a  map,  A 
960-foot  tiontour  passes  through  all  points  w  licfa  are  960  feet  in  elevation.  If 
the  960  contour  passes  through  a  road  junction,  the  elevation  of  the  road  junction 
is  '  


Turn  back  to  top  of  page  5-2  for  frame  39 

5o- 


S8^ 


Ptrajses  5  57  through  5-67  discuss  the  tteps  in  constructicig  &  profile.  Refer 
to  Panel  5*13  in  studyioc  the  steps  to  foUow. 

Stop  1.  Connect  the  two  points,  A  and  B,  with  a  straight  line  (Panel  5-13). 
This  is  the  profile  Ese.  The  side  .view  of  the  slopes  will  be  shown  along  this 

 line!.  '    .        ,  . 


Turn  back  to  bottom  of  page  S-B  for  franw  58  j 


(ccmtonrs)  (75) 

END  OF  FRAMES  FOR  PART  V 


< 
I 
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PANEL  SU! 
CONTOUS  UN£S  AND  INTERVAiS 


^         5  — Sd 


5  —  42 
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PANEL  5^ 

CONTOUR  UNI:  AND  ACtUAX  SlOf^  OF  TH£  GROUND 


^46 


CONTOUR  SPAaNCS  AND  SlOI»E  OF  tm  GROUND 


5"^ 


PANa  S-lO-SLOPiS 


DOWN 


DOWN 

\\\\\\\\ 


nil 


GENTLE 
UNIFORM 


A 

DOWN 


\\\\\ 


\ 


///////  / 


W 


/ 


B 


DOWN 


\  A  \  \\\ 


/ 


//// 


PANEL  5-12 

PRmm  WHfot  SHOWS  visibie  Am  mvtsmuE  areas 


ir,,,^iwwc     ^^ncMS     I  rtMNSf  tMh'tO    TO  MAP 

NOTE:  Intervisibillty  cannot  b©  determined  from  a  profile  based 
on  contours  alone.    Heights  of  trees  and  other  intenrenmg 

objects  must  be  taken  inzo  account . 


-so 


Pii^yi  5-13 


r. 


PROFILE  LINE 


50O 


Slopes  (contours)  between  two  points  (rood  junctions)  on  o  t 
The  straight  rood  con  be  used  as  the  profile  line. 


PANa  S.14 
COMSTRyCHNO  A  PROIHLE  (Conlinuttd) 


POINTS  Of  KHOmi  ELKVATION 
nCK-MAIiKED        EDGE  PAPER 


Point 


POiNT 


Place  sheet  of  lined  paper  along  profile  line  and  mark 
points  pf  known  elevation  . 


Any  paper  with  evenly » spaced  horizontal  lines, 
such  as  graph  or  notebook  paper,  may  be  used. 
The  wider  the  spacing  of'the  lines;,  the  greater  the 
^vertical  exaggeration  in  the  profile.    However,  the 
indication  of  intervisibility  along  a  line  of  sigh^  is 
not  affected  by  the  vertical  exaggeration  in  the  pro- 
file. 

'  Or,.  ■ 


62 


PANa  5-1  s 
CONSTRUCTING  A  mmW  iCoK^Mmd) 


PANa  5-16 
CONSIRyCTtNG  A  PROFIIE  (Continued) 

\  '  '  ' 


1 


620- 

600- 

580 

560- 


S40t" 


520 — I*- 


500 

480' 

460- 


440- 


Identify  the  high  ond  low  points  along  the  profile 


\ 


CONSTSOCnfjG  A  PftOfilE  (ContinyMl) 


5  —  55 


PANEL  5*18 
CONSTmiCTING  A  HASTY  PROHUE 


3^ 


620 


580 


1 

1 

j 

' — ^  

— J—\  _ 

440 


Shmf^f  pap&r 


Plot  only  the  contours  identifying  ttie  high  end  low  points . 


5  —  58 
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PART  VI 

MAP  Sy^.£MENTS  AND  SUBSTITUTES 


FE4ME  I.  INFOEMAinON  FSAME. 

If  no  maps  are  av&ii&bie  for  an  ami  of  operatioQ  and  iher«  in  oot  enough 
time  to  prepare  ti^m,  vtmp  MulmUtMtm  must  be  used  iasteiuL  If  ttm^s  are  mapa» 
but  they  are  out«of-4&te  or  Incomplete,  map  gupplwnentg  aiw  seeded  to  sive  more 
or  newer  mformatioio.  l^p  wupptements  and  subetitutee  m&y  be  ^ngle  phoio<- 
gimphi,  photomoiii&ic3,  photomapt,  pictomape,  overlaya,  or  special  military  aketch 
maps.  The  following  frames  diacuia  the  different  lands  of  map  supplements  and 
aubetitutak 


(orient)  (SI) 
FBAME  $Z. 

As  you  learned  in  Part  IV.  there  are  three  kinds  of  north  on  a  map:  true, 
grid,  and  magnetic.  ,\ny  of  these  norths  can  be  transferred  from  map  to  photo, 
but  magnetic  north  is  the  mo»t  commonly  used  direction  on  photos.  The  north 
line  usually  plotted  on  a  photo  shows  the  direction  of  ,  north. 


G 1  • 


6—1 


Some  or  ali  of  the  five  recognition  fsctori  may  be  ined  to  identify  objeetf  oa 
a  photograph.  For  example,  you  look  at  a  small  (aixe),  round  (shape),  gmy 
(tone),  object  that  looks  Uke  a  farm  siio,  a  haystack,  or  &  wmter  tank.  You  stiU 
have  two  of  the  five  factors  to  consider,  ,  and  


(photogr^hic)  (^} 
FRAME  &4. 

Refer  agmin  to  the  Fort  Belvoir  pictomap,  grid  squares  12BS  and  13SS.  Notice 
that  large  important  buildings  are  ahown  by  red  sjonbols,  drawn  the  same  sise 
and  shape  as  the  actual  photo  image.  Many  gxralier  buildingB  which  are  either 
isolated  or  not  r*art  of  a  regular  pattern  are  also  show  i  in  r«i  because  their  photo 
images  might  not  show  up  through  theHrOlors  of  the  Bictomap.  Thus,  buildings 
may  be  shown  either  by  their  phottfmiages  or  by  ti\e  -iame  symbols  used  on 


ERIC 


(Go  ott  to  aexk  fnmm^  it} 

S«t  6*1.    TYPES  W  PHOTOGRAPHS 

FRAME  2, 

An  aerial  photograph  is  taken  hy  a  camara  momted  iu  an  aircraft  fiy^wg 
alKive  the  earth's  surface.  Thus,  a  photograph  taken  from  an  aim&ft  is  calkd 
an  photograph. 


(magnetic) 
FRAME  3S. 

To  plot  the  magnetic  north  prong  on  the  photo,  it  must  lirst  be  constructiKl 
on  the  map.  Draw  an  angle  from  a  north-south  ghd  Une,  the  vftloe  of  the  G-M 
angl«  given  in  the  decimation  diagram  in  the  lower  max^n  of  the  m&p.  Be  mirt 
to  use  the  value  of  the  angle,  rather  than  the  piotted  diagram,  vMch  may  be 

exaggerated  for  ciarity.  The  Hr-M  angle  is  plotted  from  a  • 

 grid  line  on  the  map. 


(Kbsdow,  rtstmUom  to  othtT  naftHiy  feiiliures)  (6$) 
FEiiME  64. 

Consider  the  relatSoa  of  |he  smaU,  round,  grayish  object  to  othar  ttaariiy  fea- 
ture*. Near  a  group  of  farm!  building*,  it  might  be  a  siio  or  a  haystack;  near  a 

railroad  track,  it  might  be  &  ymter  tank.  This  leaves  one  more  factor,  

  ■  to  jconsider. 

i 
I 

•  I 

J 

! 

i 


  ^ 

<topograi^lc  matm) 
FBAME  95. 

As  you  have  already  learned,  contours  are  shown  in  black  on  a  pictomap,  in- 
stead of  the  brown  used  on  conventional  ma{^.  But  they  are  read  and  interpreted 
in  the  same  way  on  a  pictomap  as  on  a  topographic  map.  Refer  to  grid  square 
1282.  The  contours  along  the  shoreline  are  close  together.  Would  you  describe 
this  slope  as  steep  or  gentle? 


6  —  4 
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(MTllli)  CS> 

A  pitotogmpb  ma  be  taken,  prooasied,  and  dislributed  in  1»mui  wi^  a  topo- 
graphic map  takaa  mmh  Umgw  to  produce.  Wbat  is  one  advantagt  of  tht  mstM 

photograph  over  a  topqjuraplste  map? 

Mu  quicker  to  produoi 
Ik  larger 

e.   ihowi  coutouni  iMvtttr 


^tih  the  photo  iz&age  correctly  alined  with  the  map  fenturen*  draw  a  lire  (m 
the  photo  parallel  to  the  direction  of  magnetic  north  cm.  tiu  map.  Labtl  this  line 
with  the  half-arrow  used  for  magnetic  north.  This  line  Is  used  to  indkate  th& 
 north  direction  on  the  photograph. 


FBAME  65. 

Shadows  preient  a  pade  view  of  the  object.  On  a  verticai  aenai  photograpii, 
the  overhead  view  of  an  object  ii  often  unf&miikr.  Hie  ahsM^ow  of  an  object 
revealB  the  more  familiar  outiine  of  its  mdm,  aiding  in  it^  recc^nition*  Alao,  ftince 
the  taller  the  object,  the  longer  itM  shadow,  we  can  establish  the  reiativa  hei^t 
of  an  object,  often  the  only  way  to  distinguiBh  it  from  another  of  aimil&r  ahai^* 

On  any  aerial  photo»  the  longer  the  shadow  cast,  the        -   the 

object 


  ^ 

(steep)  (95) 

FEAME  eg. 

Pictomaps  are  usually  prepared  at  a  larger  scale  than  standard  topographic 
maps  because  the  photo  image  shows  up  better  at  larger  bcales.  The  scale  of  the 
Fort  Betvolr  and  Vicinity  Special  Map  is  . 


6_6 

ERIC 


(ft.  qulek^  to  prodoce)  (3> 
FBAME  4. 

Wbda  the  amam.  m  pciiAtdd  straight  down  (verticaUy)  toward  tbt  earth,  tt 
takes  a  verfl^  pl&otogr&ph  (Pfinel  6-1).  Ultea  at  an  angk  to  the  vertical,  it 
takes  m  fiyblfag[iu»  photograph.  What  ddtermiaas  whether  aii  aaxiai  photograph  i» 
vertical  or  oblique? 

a.  altitude      the  plane 

b.  sue      the  camera  leoa 
e.  t^lt  of  the  caunera  aseis 


(maptetib)  iU} 

Once  the  magnetic  north  direction  line  is  plotted  on  the  photograph,  it  can  be 
eaaily  ohented  to  the  gm*iid  with  the  aid  of  a  magnetic  compa^uu  Place  the  line 
of  eight  of  the  compaae  on  the  magnetic  north  line  drawn  on  the  photo,  and  turn 
photo  and  compaae  until  the  compass  north  arrow  coincides  with  the  north  line 
drawn  on  the  photo.  The  m&gnetic  north  Mne  on  the  photo  is  now  oriented  to  the 
grouhd  —  ,  direction. 


Oq  &  photo  you  note,  in  the  middle  of  a  field  near  a  farm  houae,  a  round  ob- 
ject which  casts  a  short  shadow.  You  rtecogoize  it  aa  a  haystack.  Ckme  to  the 
farmhouse  is  another  round  object  which  casts  a  shadow  several  times  as  long. 

This  object  is  than  the  haystack.  Its   

to  tlie  farmhouse  would  indicate  thiLt  it  is  a  silo. 


(1:25.000)  (96) 
FBAME  97. 

Your  map  scales  and  protractor  can  be  used  with  a  pictomap  just  as  with  a 
topographic  map.  When  you  want  to  determine  the  coordinates  of  a  point  on  the 
Port  Beivbir  pictomap,  which  of  the  map  scales  would  you  use? 

^  h  ^ 

a.    o.   

25.000  50,000 


Ce.   ttlii  of  tbe  taamrm  Kxk)  <4)  * 
FBAME  5. 

If  the  camara  is  tilted  enough,  the  ^rth's  borbofi  will  appear  in  the  photo- 

t 

graph  (Panel  6-2).  Hus  is  caUed  a  high  obU^ise.  When  ths  eamerm  is  not  mghd 
enough  to  show  the  horizon,  the  photograph  is  a  low  ohUiQtte  (P&nei  6-3).  On  a 
high  oblique  photo,  the  shows  on  the  photoglyph. 


(magaatEc  north)  (SS> 
JWmE  36. 

If  north  on  the  photo  and  on  the  ground  agree,  AXtL 


agree. 


ERIC 


FBAHE  67. 

Using  information  from  the  prevjoua  frames,  you  recogmased  tktt  ailo  by  it* 

size  (small),  (round),  tone  (gray),  (height), 

and    to  other  nearby  featureg. 


/  (  )  (97) 


25,000 
FRAME  98. 

A  pictomap,  like  a  photomap,  has  bar  scalea  for  distance  measurements,  grid 
squares  for  location  of  objects,  and  a  declination  diagram  for  the  plotting  of  axi- 
muths.  It  also  has  a  legend  and  other  marginal  data  to  explain  the  topographic 
symbols,  just  m  do  maps. 


6  —  10 


*  V 


(horisoB)  (5) 

Thtt  ftketfiii  ebowv  thm  camera  pomt^  for  iu^h  oblique,  low  obiiqua.  uad  verti- 
cal aanai  photogrspbi.  WMch  of  tim  foUovmg  ciiatm  positions  will  ];>r(xluoe  & 
vertical  photogmph? 


Idtrecfiotts}  iS&) 
FBABiE  S7. 

With  the  photograph  ©nested  to  the  ffround,  sighting  the  eompajA  toward  any 
object  will  result  la  which  reading? 


a.    magnetic  azimuth 


b.  distance 


c  elevation 


J 
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(sh&pe,  Kliftduw,  reI»tloif)  (61) 
FBAM£  6& 

Ab  yoM  have  iteen,  toae  (or  teoctui^)  can  also  aid  in  identiScatioc.  Rafer  to  - 
Photo  A.  The  woods  in  grid  square  5047  show  &  rough  or  mottled  ,  

\ 


(topograpbtc)  ^SS> 

FRAME  St.    iNFOKMATION  FRAME. 

Pictomaps,  like  photomaps,  sometimes  contain  distortions  of  the  photo  image 
owing  to  relief.  When  this  is  the  case,  the  pictouap  should  be  used  only  to  sup- 
plement the  information  on  a  topographic  map.  A  note  in  the  murgin  informs  the 
user  of  this  condition.  If  the  pictomap  was  prepared  from  an  orthophotomap  (see 
frame  88),  the  photo  detail  is  as  accamteiy  positioned  and  scaled  as  on  a  topo- 
graphic map  and  the  note  is  omitted.  Refer  tu  the  Fort  Belvoir  i  ictomap.  Notice  , 
the  caution  note  printed  in  red  on  the  left  side  of  the  lower  margin.  Distances 
measured  on  this  pictomap  should  be  considered  approxin  ate ;  those  along  level 

iitX8tCncS  01  grOUna  axe  mure  rcimuic  ii&Eu  tuuo*?  m  wA*i?  txt.%^M  — 

Anmutha  are  also  subject  to  error  bccauJie  of  the  pos^sible  displacement  of  the 
photo  image. 


6  —  12 


)  • 

(K    Oki^ttce)  (6) 
FEAM£  7. 

Wb«a  &arial  photography  is  omde  for  racotinitBiince  or  maihmslr^ng  pvu> 
po«MSiif>^e  seri&l  oantrft  takett  &  »erid«  of  picturaft,  called  a  fiight,  u  tbi  aircraft 
fiUefii  aloQg.  Blach  succiNsdm^  photograph  in  &  Eight  overiapi  tlm  one  before  by  % 
pkj^ed  amount,  &a  ihown  in  Fknei  6^  Th«  Mriea  of  overla|H;^mg  a«nal  photo* 
graphi  iMkim  aa  tht  aircraft  fiiee  along  ia  caUed  a  ,  * 


FEAME  Sa 

To  &nd  the  magnetic  north  direction  on  a  photo  when  a  map  ia  not  available, 
at  leaat  two  objects  (for  example^  a  church  and  a  croaaroads)  which  appear  on 
the  photo  muat  alao  be  identified  on  the  ground.  The  magnetic  azimuth  between 
these  two  pointa  on  the  groimd  ia  determined  with  a  compaas.  The  line  of  direc* 
tion  between  the  images  of  these  two  pointa  on  the  photograph  represents  the 

name  "magnetic  aaimutht  and  can  be  used  u  plot  the   

north  line  on  the  photograph. 


A  alow  Sowing  river  {&ko  unciiaturbed  lakes  or  ponds)  shows  a  smooth,  even 
\  .  texture  or  tone.  If  the  w&ter  surfaces  were  roughened  (fsmt  Sowing  river  or  vtrind 
^  blown  pond),  the  pbotogrtiph  would  show  a  rough  . 


I 
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S«t  6-10.  OVERLAYS 

{Go  on  to  next  frame)  (99) 

FRAME  iOO,    INFORMATION  FRAME. 

It  is  often  necessary  to  indicate  the  position  of  units,  fortifications,  etc.,  as 

well  as  the  natural  and  manmade  features  shown  on  a  map  or  photograph.  This 
enables  you  to  "see*'  the^e  units  in  their  relation  to  the  ground  features  shown 
on  the  map.  To  accomplish  this,  an  c^verlay  —  a  translucent  (almost  clear)  or 
transpai^t  (clear)  sheet  of  paper  or  plastic  —  is  positioned  on  the  map  and  the 
military  symbols  of  units,  etc,  are  dra\ra  on  this  overlay  in  their  proper  positions 
with  reference  to  the  map  beneath. 
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S«t  6-2.    USE  OF  MARGINAL  INFORMATfONf  ON  PHOTOS 
(ftighi)  (7) 

Photo  intelligeace  analysts  »ud  map  makers  use  sfieci&l  equipmeat  to  study 
overlapping  |Murs  of  photographs.  Single  photograpbi,  however,  are  valuable 
aourcea  of  information  if  you  know  how  to  read  them.  The  marginii  on  the  photo- 
ipraph  contain  much  information  about  how,  when,  and  where  the  photoj^raph  was 
taken.  This  information  is  used  to  locate  the  photograph  with  relation  to  the 
ground,  to  determine  the  scale  of  the  photograph  and  to  aid  in  the  identificatioa 
of  images  on  the  photograph. 


(magnetie)  (S^) 
FBAME  S9. 

To  orient  a  photo  in  the  field  when  a  compass  Is  not  available,  ftnd  at  least 
two  distinctive  objects  on  the  photo  which  you  can  identify  on  the  ground.  Rotate 
the  photo  until  the  photo  images  of  the  objects  are  inythe  same  direction  and 
relationship  as  on  the  ground.  Your  photo  is  now   • 
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(texture  (toce)>  (6S> 

Refer  to  photograph  A,  furnished  with  this  text.  The  identification  factors 
will  be  us    to  identify  ti^  school  in  the  apper  left  comer  of  grid  square  5151. 

1.  The  object  is  much  larger  than  a  house  when  compared  with  the 
 of  the  houses  in  the  nearby  deveiopmenL 

2.  The  angular  outline  or  identifies  it  as  a  manmade 

rather  than  a  natural  feature. 

3.  The  of  the  object  is  different  from  eiurounding  ai^s, 

either  natural  fields  or  paved  areas. 

4.  The  cast  by  the  object  indicates  that  it  is  a  sprs-wiing 

structure,  taller  than  individual  houses,  but  lower  than  most  office  or  apartment 
buildings. 

5.  Its  to  the  athletic  Selds  which  make  up  moat  of  the 

surrounding  grounds  makes  its  identification  as  a  school  most  logical. 


(€K>  on  to  aext  frame)  (100) 
FBAME  101. 

By  means  of  an  overlay,  both  the  symbols  for  uaits,  fortified  positions,  etc. 
and  the  features  on  the  map  can  be  read  at  the  same  time.  However,  information 

can  be  of  Utt'e  value  imiess  the  user  can  refer  it  to  the  map  for  which  it  was 

prepared.  Therefore,  the  preparer  rauat  identify  the  for  which 

th6  overlay  was  prepared. 


CG^  %mu  ta  next  trwmit}  (S) 
FEAME  9. 

Photographs  in  mdt  flight  are  numbemi  in  sequence  and  the  number  placed 

in  the  margin  of  the  photograph.  To  identify  a  particular  i^otograph  in  a  fiightt 

you  muat  locate  its  exposure  number  in  the  of  the 

photograph. 


Sttt  6-5.    LOCATING  POINTS  BY  POINT  DESIGNATION  GRID 

(oriented)  (3d) 

To  locate  points  on  a  photography  a  point  daiignation  grid  is  U3ed»  just  as  the 
military  grid  is  used  to  loeate  points  on  a  map.  However,  the  method  of  point 
location  is  the  only  similarity  between  the  us^  of  the  twc  kinds  of  grids.  On  a 
large-scale  map,  the  distance  between  grid  lines  i%  presents  a  specific  distance  on 
the  ground  —  1,CHK)  meters  —  and  the  vertical  grid  lines  represent  the  direction 
of  grid  north.  But  on  an  aerial  photograph,  the  point  designation  grid  cannot 
represent  a  specific  ground  distance  because  the  scale  of  each  photo  varies,  where- 
£us  the  splicing  betwceii  gfid  iiiicsi  reumiua  coristatit.  Auu  iincc  the  constnictiOu 
of  tS^  point  designation  grid  is  based  on  the  format  of  the  photo,  it  does  not  rep- 
resent any  particular  direction.  The  point  designation  grid  is  used  solely  to  locate 
points  on  a  photograph. 


6  —  17 


ERIC 


S«f  6-7.    PHOTO  ORIENTATION  FOR  STUDY 

(i.   size,  %,   iii»pe,  3.   Ume,  4.   liitadow,  5.   relatiim)  <?a) 
FEAME  71.    INFOBUATION  FRAME. 

You  have  leameci  in  previous  frames  how  to  orient  a  photo  to  a  '  "^ap  or  to  the 
ground.  For  example,  you  le&med  how  to  looite  magnetic  north  on  the  photo  as 
ail  aid  to  such  orientation.  In  the  next  few  frames,  you  wiil  learn  how  to  podtion 
a  photo  with  relationship  to  a  »}urce  of  light,  to  better  ntxkdy  and  identify  the 
features  on  it  This  i»  called  "orientation  for  study." 


(map)  (101) 
FRAME  102. 

Oveifeys  can  be  used  as  annexes  to  orders  or  reports  to  clarify  or  augment 
the  written  information.  Military  symbols  (units,  fortifications,  etc.)  would  be 

found  on  the^  to  further  augiuent  and  clarify  

directives. 


18 


FRAME  10. 

In  addition  to  the  photo  exposure  number,  the  sortie  or  mission  number  Is 
also  given  in  Jthe  marsin  of  the  photograph.  These  itextui  identify  a  particular 

photograph.  To  identify  &  photo  you  need  two  numbers,  _____  

and   . 


(Go  on  to  next  frame)  (40) 
FBAME  41. 

The  point  designation  grid  is  added  by  the  u«ier  tb  each  photograph.  Copies 
of  the  same  photograph  may  be  used  by  many  differenK,Deopie.  Therefore,  each 
user  must  orient  and  draw  the  poin,t  designation  grid  in  ekactiy  the  same  way. 
Otherwise,  the  point  location  on  one  copy  will  not  agr^  with  the 
  ofi  the  other  copies. 
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(Go  on  to  mxt  frame)  (71)  ^ 
FBAME  72. 

In  orienting  the  photo  for  study,  first  turn  so  that  you  fmm  ft.  sonrofii  of  lights 
such  as  a  window  or  a  lamp.  Next,  turn  the  photo  until  the  siuulowB  of  tha  objects 
on  the  photo  point  toward  you  (Panel  6-13).  This  creates  a  natural  relation  of 
light,  images,  and  shadows.  As  long  as  you  keep  this  relation,  the  photograph  Is 
  for   ^  


(overlay,  written)  (102) 
FRAME  108. 

Register  marks  are  traced  from  the  map  to  aid  you  in  accurately  positioning 
the  overlay  on  your  map.  Register  marks  may  be  grid  line  intersections,  road 
crossings,  fiducial  marks  (on  photographs),  or  even  the  comers  of  a  map  or 
photograph.  Refer  to  your  overlay.  The  register  marks,  labeled  30*60  and  40-70, 
refer  to  which  points  on  the  LEAVENWORTH  map? 

a,    grid  line  intersections    b.    fiducial  marks     c\    map  comers 


f  ) 
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<ex{Kwiiz«^  ttortie  or  misaioft)  <IQ} 
FBAMiE  IL 

A  comj^te  naiymnm  of  xxuurgmai  mfonuiition  &{>peijiri  on  the  fimt  *ttd  l«at 
ttxpoAure  of  aftch  ftigbt  (My  telactwl  it«Das  art  fpvm  oa  tli«  latirmtKltato  piiioto- 
graplu.  Whe»ir  can  you  fl&d  th%  oom^te  data  if  it  la  not  m  your  plioto? 

a.  next  ii^to^puph  in  the  fiight. 

b.  The  lint  or  laat  pliotogrsph  in  tlie  flight 

c  Hie  overIa.}|^ug  idiotograph  In  an  adjoimn^^  flight 


(point  locaiiott)  (41) 
FBAME  42. 

The  point  deaignation  grid  is  drawn  by  the  and  all 

point  designation  grida  are  drawn  in  the  way.  In  the  nejct 

few  frames  you  will  learn  how  to  draw  a  point  designation  grid. 
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With  tiie  photo .  oriented  for  itudy,  an  illmicm  of  f0ftf  is  cxmted.  The 
"shaper'  (hi^h  and  low  placea)  are  apparent  altlu>ugfa  timr  amount  is  not  meas- 
urable. Orientation  for  study  thus  creatoi  the  illusion  of  


0 

(a.   grid  ime  tuteroectioi&B.  Tha  and  40-70  are  grid  Use  labala.)  (iOS) 

The  uaer  can  place  the  ca  eriay  on  the  map  in  the  aame  pc^tioi:  as  wh  ^  it 
waa  made  if  he  uses  the  regiater  marks.  On  your  LEAVENWORTH  overlay  (and 
on  most  military  averlaya)  the  regrlster  marks  are   . 
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(b.  TSm  irM;  or  Uai  pliolograiili  bi  ^  fiigiit)  (U) 

F&m&  12. 

Pftoei  illuitratai  two  trnthom  of  showing  margiiud  mformatiaa  on  ftftrial 
pl)0CogtmpiuL  One  systeo^  ii  manually  Ittterad;  the  otbar  reeords  th*  data  aut&> 
maHrally  as  each  picture  is  taken.  The  style  oi  automatic  tieooixUag  depmiils  upon 
the  kind  of  camera  used.  Hefardless  of  the  ouithod  usi>i;T^  the  sazsui  infowaatioii 
is  given.  Study  photograph  A«  funxiahed  with  this  tieast.  Is  the  margiual  data 
manually  lettered  or  au[tomatieally  recorded? 


imn&e,  smxm}  (42)  ' 
FBA&IE  41 

Panel  6*7  shows  four  steps  in  constructing  a  point  designation  grid. 


graphs  have  reference  marks,  called  "3ducial  marks,"  which  xa&xk  the 
f  of  each  edge. 


Step  I.    Locate  the  center  of  the  four  edge^  of  the  photogniph.  Motit  photo- 


G3u 
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Creltef)  C7S) 
FEAME  U. 

Refer  to  tiie  aerial  photograph  in  Panel  6-14.  If  you  look  cioateiy  at  the  photo, 
you  can  see  that  the  shadows  point  generally  toward  the  xight-hand  margm  of 
the  photo.  To  orient  the  photo  for  ntudy  you  must  turn  It  m  that  the  shadowi 
(and  right  margin)  are  (toward)  (away  trom)  you* 


(grid  Hue  intersectiomi)  (104) 
FEAME  105. 

A  minimum  of  two  are  heeded  to  replace 

the  overlay  in  :s  correct  position. 

Note:  All  jmper  is  Hubj  o  changes  in  size,  shrinking  or  expanding  be* 
cause  of  heat  and  humidity.  Different  kinds  of  paper  are  affected  in  different  ways. 
Foi  this  reason,  the  register  marks  on  the  furnished  overlay  may  not  hi  exactly 
on  the  indicated  grid  intersections  on  the  onap.  In  such  ^  sseB,  position  the  over- 
lay to  the  best  average  St. 


6  — U 


ERIC 


F&MME  IS. 

R«£^  a^^ain  to  JPuui  6^  %ad  to  tb«  fumisbsd  pliotogr&pli,  Pboto  A.  Wb»t 
i«  the  iocMl  Ifiogth  of  tiia  cmuera  xised  to  take  tS^  photograph? 


FE^M£  44. 

St»p  2L  Connect  opposite  iduci&l  marks  with  straight  lines.  The  horkontaJ 
and  vertical  line»  will  cro&fis  at  the  of  the  photograph- 
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(iowftixl)  (74) 
FBAHE  75. 

Holding  the  photo  ( Panel  6-14)  in  this  poeitscm.  turn  to  face  ft  ■ouree  of  light 

You  shouki  be  able  to  "see"  tome  of  the  hills  and  v&lUys  or  the  

on  Jie  photo.  You  tm  that  a  gorge  or  ravmts  croasea  the  phcto.  If  yoa  poaitioa 
the  photo  the  wrong  way  (with  the  shadows  pointioi^  away  from  you)  the  mvine 

looks  like  a  winding  Study  oth^r  objects  ( specially 

mamnEde  ones)  cmrefully  to  make  sura  that  you  h^^  '  turned  th&  ihadows  cor^ 
rcctly  toward  you. 


(register  lo&rkti)  (105) 

FRAME  im.  ^ 

Refer  again  to  your  LEAVENWORTH  map  overlay.  Identification  of  the 
overlay  »^  made  in  a  title  bov  drawn  in  an  ununed  area  of  the  overlay.  The  title 

box  must  contain  the  ti^le  of  the  map  for  which  the    ,..  was 

prepared. 


ivr^  CIS) 

To  tl»  photogr&ph  prop«riy,  the  photo  user  oeedi  to  know  ti^  ^ht 
ftltiitude  —  how  high  tiui  ftircralt  was  fiyiog  wh^  thtt  pictun  wm  tftk^  In  the 
KutommticsUy  r«c«»rd«d  m&rglii*!  datA,  &  picture  of  an  aitiauftftr  ij  usually  recorckd 
on  tha  of  the  photograph.  On  Uia  furuishad  photo,  tha  aitituda  fai  kittarsd  la 
tht  margifi.  How  high  ftbove  aaa  levd  wma  the  aircraft  ti^^  when  this  photo 
wma  tiikeit? 


CoeBt«r)  (44) 

Sti^  S.  The  rtist  of  the  grid  lines  are  spaced  exactly  4  osntimeters  (1.575 
inches)  apart,  starting  from  the  center  lines  in  each  direction.  Each  square  in 
all  point  d^gnstion  grids  fff^ur^  cm  on  each  side. 


/ 
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(Note:  This  technique  m  a  form  of  optical  iliusion  and  depends  on  time  of  day 


don^t^auctdeniy  "^ea"  relief,  it  may  be  due  to  the  above  aausaa  or  It  may 


take^WQ^e  to  train  your  eyes  to  aee  it.) 

There  are  no  contoi)tr4ine£i  or  eievationii  on  an  aerial  photograph.  Even  the 
orientation  for  study  gives  only  a  •^picture"  view  of  relief.  Therefore,  which 
meaaurement  emaxiat  be  made  on  an  aerial  piiotograph^ 

a*   diatance  k   direction  c  elevation 


(overlay)  (106) 

FiiAME  107. 

The  title  Identifies  the  map  and  the  objective  describes  what  the  overlay  is 

tryu  ^  to  show.  Refer  to  the  overlay ;  the  objective  of  the  overlay  i&  


of  photo£rmphy,  relief  involved^  and  even  the  photo  proceasing.  If  you 


\ 


SHI  6^.    SCAU  OF  PHOTOG^HS  (MEASyRiNO  Gi^ND 

DISTAMCES) 

(7000  feet  lOtove  we*  level)  (14) 
FRAME  tSk 

Dist&nce  meaJiurementB  on  a  verticfti  aerial  photograph  depexid  upoa  the 

scale  (RF)  of  the  photograph  just  ae  do  distances  on  a  map. 

photo  distant  PD 

Photo  RF  =    =  —     (Panel  S-6) 

giround  distance  GD 

The  RF  of  the  photograph  is  the  ratio  (or  fraction)  of  

distance  to  groimd  distance. 


(4)  (45) 
FR4ME  4& 

Step  4.  To  nmnber  grid  lines,  you  must  first  tuns  the  photo  until  the  exposure 
number  and  any  manually  lettered  m&rginjil  information  is  in  the  normal  reading 
position.  On  most  photographs,  this  would  place  the  exposure  number  in  the 
upper  left  comer.  Any  time  you  use  &  point  d^gnation  grid,  you  mast  place  the 
marginal  information  in  the  _„  position. 


V 
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S«f  6-8.  PKOTOMAPS 

ie,   elevftiioii)  (76) 
FEAME  77. 

Two  or  more  adjoining  and  overlapping  aerial  photographs  can  be  "joined" 
by  matching  the  same  images  In  the  overlap  area.  The  resulting  larger  "photo- 
graph" ig  called  a  mosaic  The  can  be  extended  to  cover  a 

large  area  by  adding  more  overlapping  (and  sidelappii^)  photos.  (Panel  6-15) 


« 


  ^ 

(sitaation  report)  (107 
FEAME  10& 

Since  miiitury  situations  can  change  rapidly,  the  time  and  date  of  the  infor- 
mation are  also  included  in  the  ,  . 
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(photo)  (15) 

FRAME  la  INFOKMATION  FBAME. 

Ground  diitance  on  the  photo  may  be  determined  in  one  of  three  ways:  by 
actually  meaaurmg  the  dlstsnce  on  the  ground  between  two  points  that  appmr 
on  the  photo;  by  identifying  and  meaauring  oa  the  photo  the  fraage  of  »ome 
feature  or  object  whose  actual  dunessaions  are  known ;  or  by  relating  the  meaaure> 
meat  between  two  points  oa  a  photograph  to  the  meanurement  between  the 
two  points  on  a  map  of  known  ic^e. 


(Boma&!  rsAiding)  (4@) 
FBABIE  47. 

Refer  to  Panel  6-7.  -The  center  lines,  both  vertical  and  horisontal,  are  num- 
bered 50,  The  numbers  of  the  vertical  lines  increase  (read)  to  the  . 

Numbers  along  the  horizontal  lines  increase  up.  The  numbers  desgnating  the 
 .  lines  of  the  photo  will  always  be  as  shown  in  the  margin* 
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(mosaic)  CTi) 
FSAME  7& 

Adding  a  standard  militar^"^  grid,  marginal  information,  and  names  to  a 
mosaic,  and  printing  it  at  a  definite  map  scale  produces  a  piiotUMiiiNEi  (Panel  6-16). 

X   contains  many  futures  simiiar  to  a  topograpiuc  map 

and  is  quicker  to  produce. 


s 
\ 

t 

  f 

(tit.e  box)  (108) 
FRAME  109. 

To  prove  that  the  overlay  is  authentic,  the  name,  rank  and  organisation  of 

the  author  must  be  included.  The  author's  signature  fixes  

for  the  data  on  tht  overisy. 


(Qe  on  to  oaxi  fnuoe)  <16> 
F&ASm  17. 

In  compntiag  photo  EF,  both  groimd  distance  and  photo  distanca  must  be 
escprcwsed  in  the  same  unit.  If  inches  are  used  in  the  numerator  (photo  distance), 
inches  must  also  be  used  in  the  denominator  (ground  distance).  If  the  diiitance 
between  two  points  on  a  photograph  is  measured  as  one  inch,  and  on  the  ground 
the  same  distance  is  measured  as  one  mile  (63,360  inches),  what  is  the  £&P  of  the 
photo? 

a.   —  b.    c   

12  5,2S0  63,360 


(right,  grki)  (47) 

FBAma  4S.  .  • 

Again  look  at  step  4  of  Panel  6-7.  The  gnd  Imes  are  numbered  to  read 
right  and  up  (just  as  on  a  map).  Grid  square  5252  will  always  be  located  in 
which  quarter  of  the  photo? 

&.    upper  iei:  b.   upper  right  c,   lower  right 


s  —  ss 


(pliotoiiumi)  (78) 

A  photoxnap  is  a  moaftic  (maay  ovarl&pping  pkotograpbfl)  -  wbicii  is  pmted 

in  a  map  fi2e  and  shape.  The  fe&cures  on  a  are  not  symbolai, 

but  photographic  Images. 


(reiipoiiMilbtiity)  (106) 
FBAME  110. 

The  title  box  on  the  overlay  furnished  with  this  text  identifies  the  following: 

1.   :  (title) 

2.   (objective) 

3.    (data  of  overlay) 

4.    (rank  of  author) 


6  — S4 


(c   -JL«)  (17) 
FEAME  1& 

When  the  ae&k  Oi  the  photo  is  large,  it  is  often  possible  to  idmUty  luki 
nieasure  f<^tures  th&t  h£Ve  staQdard  known  dimensions,  stich  as  atiiletic  fisids, 
large  aircraft  with  known  wing  spans,  or  nav&l  vgsse  $  of  known  length.  For 
example,  the  10>yard  Itn^  on  a  football  field  are  usually  d^Iy  nmrked«  and  can 
be  identified  <m  a  large-scale  photogra  ^h.  The  length  oi  the  field  is  standard  — 
300  feet,  or  360  feet  if  the  end  zones  i&re  incl;&ded.  The  RF  is  computed  by  con- 
verting the  known  length  of  the  football  field  (GD)  lo  the  same  unit  of  measure* 
ment  used  on  the  photo  (PD).  B^eatii--es  of  known  dimensusn  can  be  used  in  the 
PD 

formula  ~  RP  because  their  ,  distance  is  known. 

GD 


(b.   upper  right)  <4S> 
FBAME  4;^. 

Points  are  located  on  the  point  designation  grid  aaing  6-digi*  coordinates 

(as  on  a  map).  A  -digit  reading  to  the  right  is  combined  nth  a  -digit 

-•reading  up. 


6  — S5 


tphotonwp)  OB) 
FKAM£  SQ. 

Refer  again  to  the  photomap  on  the  reverse  »ide  of  the  LEAVENWORTH 
map.  Which  of  the  folio  ving  information  on  a  topographic  map  ui  not  shown  on 
the  photomap? 


gjida  t>.   declination  diagram     c  legend 


1.  Leavenworth  l:50,0t)0  map  (sheet  '54>62  IV) 

2.  srr  EEF 

S.    9  Sept  S5 

4.    2d  Lieutenant  (110) 

FRAME  111. 

Information  drawn  on  the  overlay  need  not  duplicate  the  topographic  sjinfaois 
unless  the  overlay  bhows  a  change  in  u  topographic  feature  on  the  map.  The 

symbols  on  the  enclosed  overlay  are  >     symbols  and  do  not 

ujplicate  the  map  information. 
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ERLC 


(grottml)  (iS) 
FBAME  IS. 

If  you  identify  a  footbaU  field  on  a  photograph,  and  measure  its  lesiigth 
(witbout  the  end  ztmes)  as  .36  inch,  what  is  the        of  tlui  photo  ? 

a.    0.    c   

3600  72^  10,000 


# 


(S,  S)  (49) 
F^AME  50. 

The  &rst  2  digits  (both  right  and  up)  are  the  two  figures  with  which  the 
lioea  are  niunbered  and  represent  the  lower  left-hand  comer  of  the  grid  square. 
The  third  digit  (in  each  instance)  is  the  distance  measured  within  the  grid  square. 
Thus,  a  poiJit  located  in  the  exact  center  of  grid  square  4949  has  6«4igit  coordi- 
nates of   


6  —  ^7 


ERIC 


(c.  iegeaii.  imskg&n  on  tht  pliotom&p  &re  pbotogmphic  and  &  ssoabol  l^wod  U  not 
FfiAME  SI. 

The  pfaotoiaap  is  an  excellent  map  substitute  within  it*  limita.  It  has  a  »cale 
for  distance  me&fiuremeats,  and  grid  lines  for  ioeatlon  and  direction  mi^urements. 
Which  measurement  cannot  be  made  on  a  photomap? 

».   distance  b.   dim:tion  c  relief 


(milifcary)  (Hi) 
FE%ME  112. 

Other  useful  information,  such  as  scale  and  north  arrow  on  a  photograph, 
are  added  where  necessary.  North  am-ws  are  not  n»*eded  on  nutp  overlays 
because  the  vertical  grid  lines  identify  grid   . 
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(e.   ,  SO0  ft  X  i:^  =r  fx. 

m    S600  10,000 

FE^&OE  SO. 

Whan  a  map  of  the  sftaae  ftn>«  ii  aviul&iittt  the  grouad  duiit&fi&e  (GD)  botireeti 
two  pointif  can  be  c^taixied  by  raultiplyioi^  the  measured  map  distanoe  (MD)  by  \3a» 

denospijmtor  of  tba  map  EF.  For  example.  1  indi  o&  m  map  havixtip  an  RF  of  — ^ — 

60^000 

equali  50,000  iEdiw  of  grotmd  diat&mie.  IMi  cm  th^  b«  used  with  the  mwyuired 

PD 

photo  dietanot  between  the  tame  two  pointa  In  the  formula  —  =  RF  of  phota 

GD 

You  can  use  a  map  of  the  same  imsa  to  detenmne  the  Bc&le  of  a  photo  becauae  you 
can  determine  the  firom  the  map. 


(49M95>  (50) 

FSAMS  51.  INFOSHATIOK  FE4ME. 

Beic»u»e  the  fiiame  point  deeignation  grid  numbers  are  used  on  ail  photomapii, 
the  eoordinatea  of  a  pomt  on  the  photograph  must  be  preceded  by  the  misKion 
and  exposure  numbem  lo  identify  the  p>  olograph  when  reporting  a  photo  point 
location.  The  grid  refemice  consists  of  three  parts: 

1.  The  letters  "PDG"  to  indicaite  aenal  photo  coordinates  rather  than  map 
grid  <x>ordinateB. 

2.  The  mission  and  exposure  numbers  of  the  photograph. 

3.  The  six  digits  which  actually  locate  the  point  on  a  photograph. 


6_S0 


Co 

Ce.    relief)  (81} 

Refer  to  the  LEAVWWORTH  photom&p. '  The  grid  on  it  is  a  etax^ard  mili- 
tary grid.  As  you  Ie&me4  concemia^  the  gnd  on  the  LEAVENWOETH  topo- 
graphic Txmp,  the  length  of  each  lide  of  the  grid  square  ia  meter*. 


(north)  (112) 

FHAME  lis. 

Detailed  route  information  is  given  on  the  route  reconnaissance  overlay 
illustrated  in  Panel  6-17.  Sp.  ial  route  recomi&  asance  symbols  (identified  in 
FM  5-36)  indicate  critical  widths  and  clearances,  curves,  and  gradients.  The  road 
slope  north  of  the  river  is  shown  by  methods  debcribec  in  Part  V,  frame  43.  What 
is  the  slope? 

a.    1/10  b.    8  percent  c,    6  degrees 


6  —  40 


(grottBd  ititf«itn»)  (SO) 

Whmi  you  luivt»)iii  map  of  the  same  arei^  you  c&n  comfoine  tiie  steps  of  finding 
the  gmmd  distaocet  aocl  tiien  the  photo  sc&ie,  by  xmas  the  fonn,ujia 

—  X  Map  RF  =  Photo  RF 
MD 

£bcamp1e :  The  photo  diitaaoe  between  two  polntJl  ic  10  oentimeten.  On  a  1 :50,000 
scak  mapv  the  miap  diatanc»  between  tbe  same  two  pc^ta  is  5  c^atiBietera.  Sub- 

■tituttng  in  the  fonnuia:  Photo  RF  =  Hi  x  — i — ,  what  in  the  RF  of  the 

^  .  •  5  S0.000 

photo? 


25,000  50,000  ^  100,000 


(Go  on  to  ueact  tvmm.}  (51) 

Refer  to  photograph  A  suppUed  with  thisi  text.  The  exposure  niuober  iit  565. 
What  Ib  the  mkaioE  number? 

M-109  b.    0T30  Z  c  VV702 


(^000)  (82)  • 

FBAME  83.  ^    -  -  '> 

A  atandard  military  gxid  on  the  photcmap  permits  reading  6-di^t  iprid  cdordi- 
nate«.  Locate  RJ  99T  (road  juaction,  elevatioa  99T)  in  grid  aquare  4601  What 
are  the  j^'digit  coordinates  for  this  point? 

a.   460640  '     K   462844  c  468646 


(b.  S  percent)  (IIS)  j 
FSA9IE  li^  /         /  1 

The      \    in  the  lowtr  right  comer 


must  be  filled  jjut  with  pertinent  information  to  identify  the  overlay, 

'  .      ■   ■  / 


r 


^  j  S' 


6  —  42 


(— irr-)  (21) 

25,000 
FBAME  22. 

photo  distai^ce 

The  photoi  RF  ratio,  ,  is  in  the  same  proportion  as 

ground  distance 

focal  leneth  of  lens  photo  distance  focal  length  of  lens 
 — =   (see  Pa^el  6-6)    =   —  

height  of  camera  ground  distance        height  of  camem 

What  is  the  focal  length  given      the  photo  furnished  with  this  teict? 

a.   702  b.   6  in.  c.  TOGO' 


(a.   M-109)  (SZy 
FBAME  SS, 

Tha  sides  of  the  4-cm  grid  squares  of  the  ;>oint  designation  grid  (PDG)  are 
exactly  the  same  size  as  the  RF  1:25,000  map  scale  shown  on  you*  protractor. 
This  scale  can  be  used  to  find  tht  Zd  and  6th  digits  of  PDG  coordii  lates.  Using 

tiiifl  scale,  which  of  the  following  locates  a  iaaseball  dinrr, .  i  on  PLoto  A? 

/ 

a.  PDG  M-IOS  565  508509 

b.  PDC  M-lOO  565  494483 
e.    PDG  M-X09  565  486507 


6  —  43 


ic   46S646)  im 
FRAME  m. 

The  road  leading  south  from  RF  997  is  pointed  directly  at  Platte  City.  The 
grid  azimuth  of  the  road  is  181 V2  degrees.  What  magnetic  azimuth  (see  frame 
•i-M,  Part  4)  would  describe  this  direction  to  Platte  City? 

>u    172  b.    I8IV2  c.  191 


(title  box)  (114) 
FRAME  115. 

The  r  gister  marks  on  the  route  reconnaissance  overlay  indicate,  that  it  is 

referred  to  a  map,  beca  .se  the  register*  mark?,  are  

   ^  intersections. 


6—44 

ERIC 


c@  in.)  itz) 

FE&ME  2S. 

The  Sight  <dtitu(ie,  given  on  the  photograph,  is  measured  from  meaa  sea  level 
(i«e  sketch).  The  average  grouad  elevation  above  mean  sea  level  must  also  be 
determined  and  subtracted  from  the  Sight  altitude  to  Imd  the  height  of  the 
camera  above  the  ground.  To  determine  "height  of  camera"  you  must  subtract 
 from  the  flight  altitude. 


(a.    PDG  M-109  565  508509)  (5S) 
FBAMT  54. 

l^fcrcNiew  the  lines  on  a  point  d»;signation  grid  cacnot  be  used  to  find  either 
distance  cr  dlj-ectlon  on  the  ground.  They  cstn  be  used  OI^TLY  for  which  of  the 
following 

li.    dv.ennlning  direction         b.    locating  points  c.    meaniiring  distances 


ERIC 


in^  ITZ.  You  must  subtract  the  GM  an^^le  (grid  to  magnetic)).  (See  in^inietions 
m  declin&tion  di^nun  on  Leavenworth  photomap.)  (84) 

FKAME  85. 

Refer  :o  grid  square  4764,  just  east  of  RJ  997.  The  topographic  map  shows 
mostly  relief  information  and  some  woods  in  this  square.  On  the  photomap.  'ou 
see  fence  lines,  woods  outlines,  and  even  individual  trees.  For  example,  on  the 
topographic  map,  476646  refers  to  a  point  on  the  cont  )ur  marking  the  hilltop* 
What  in  the  description  of  this  same  location  on  the  photomap? 

a«    woods  patch  b.    fence  comer  e.    road  junction 


^  Set  6-n.    MIUTARY  SKE"'CK  MAPS 
(grid  line)  (ri5) 

A  military  skt  .i:li  is  ;•.  dntwing  un  a  .sheet  of  opai^ut^  inc-.i  tranapar?'nT ;  piipc)' 

It  usually  substitutes  for,  rather  than  supplements,  a  map.  a    

iH  drawn  to  satisfy  a  tactical  or  adniiniatraiive  requirerr  ent 


r 

I 


46 


(grouj^  ekivfttio^)  (S3) 
FBAME 

The  RP  ratio  can  now  be  expres»ed  a«: 

fi 

Photo  RF  =   ,  where  fl  =  focaJ  length 

^"^  H  =  aight  altitude 

b  =  grovuui  eiev&tioa 
Which  of  th^  thre«  values  ia  mot  givesn  in  the  nmrgftml  informatifmT 

li.   0  h.   H  c  h 


Sttt  IDENTIFYING  OiJEaS  ON  PHOTO 

(b.    locfttlag  polQtH)  (54)  \ 
FBAME 

The  legend  oa  the  LiilAVENWORTK  imp  helped  you  identify  trecogniase) 
streams,  roads,  hills  and  other  features.  You  Jiave  to  identify  ob:ectb  <in  a  photo- 
graph without  heip  from  a  . 


ERIC 
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(b,    ffcnee  comer)  (S5) 
FBAME  86. 

A  pbotoinap  furnishes  a  great  amount  of  detail  which  is$  not  ahown  oa  the 
topographic  map.  This  is  due  to  the  photooiap's  '   imag<«. 


(sketch)  (116) 
ULIAIE  117. 

Sketches  vary  from  f:^eehand  drawings  to  carefully  diagrammed  ones.  Since 
a  sketch  may  not  be  referred  to  a  map,  its  identification  (title,  objective,  date  and 
author)  in  its  _________   must  be  complete. 


(c   h.  The  gnmiia  elevfttioa  it  not  givc»  ob  thte  pboto.  Altitude  Md  focfti  tengtli 

of  CSZZ!IU»  8X«.)  C24) 
F&&ME  2£. 

g 

Plwto  RF  =   

H-h 

To  obtain  average  ground  eievation  (h),  you  can  use  a  topographic  map  of 
the  same  area  aa  your  photo.  If  a  map  is  not  available,  you  obtain  the  average 
ground  elevation  from  reconnaissance  reports  and  other  intelligence  aourcea.  If 
you  have  a  map,  plot  the  »n»  covered  by  .your  photo  on  the  map,  and  determine 
the  high  and  low  elevationa  from  the  contours.  To  obtain  average  ground  elevation 

from  a  map,  you  roust  check  the   -  in  the  area  covered  by 

the  photo. 


V 


(legend)  (55) 
FRAME  56. 

The  ooloro  on  a  topographic  map  help  you  identify  streams  and  swaj»ips, 

orchards  sm  "  woods,  and  biilt-up  areas.  You  have  to  identify  objects  on  aerial 
photographs  without  the  aitsistance  of  . 


X 


(photosmpbte)  (S6) 
FRAME  87. 

Photomaps  are  usually  used  as  map  ^upplementB.  Because  phototnaps  are 
made  from  aerial  photograpiu^  tlieji'  sometlmss  contain  distort&ana.  If  the  photos 
are  slightly  tilted,  or  the  terrain  very  rug^d,  the  photo  images  features  are 
displaced,  and  measurements  of  distance  and  direction  are  not  reliable.  Such 
photomaps  are  usually  used  with  topographic  maps  to  provide  new  or  additional 
information.  They  are  used  as  map  


V'  {title  box)  (117) 
FEAME  llg. 

Panei  6-18  iiluatrates  a  strip  map,  a  type  of  sketch,  to  be  used  by  a  veJiicia 
ccnvoy.  The  informatioo  shows  routes  to  follow,  general  directions,  distance, 
aiid  checicpoints.  Refer  to  the  strip  map.  What  types  of  topographic  Bymbois  are 
added  as  check  points? 

ft,    road  surface  classification 

b,  stream,  road  and  railroad  crossings 

c.  elevations 


ERIC 


ERIC 


(coatoura)  (25) 
FRAME  26. 

Refer  to  photogmph  A  furnished  with  this  text  By  studyixig  the  oontoura 
and  spot  elevations  on  a  large-«cale  map  of  Northern  Virginia*  you  determine 
that  the  average  ground  elevatioti  in  the  area  covered  by  the  photograph  is  2S0 
feet.  Using  this  infonnatiQn  and  the  flight  altitude  given  ii^  the  margin  of  the 

f 

photograph,  what  do  you  determine  the  scale  of  the  photograph  to  be? 
i  .1  1 


6750  13.500  14.000 


(color)  (56) 
FEAME  57. 

There  are  five  factors  which  help  you  identify  objects  on  an  aerial  photo: 

1.  aise 

2.  shape  or  pattern 

3.  shadow 

4.  tone  or  texture 

5.  relation  to  other  nearby  features 

In  reading  photographs,  we  use  the  recognition  factors  sise,  shape  or  jmttem, 
 ,  tone  or  texture,  and  


6—51 


(•appfeffleiit*) 
F1BABIE  8& 

An  ortbopboionuip  is  a  spedai  type  of  photomap  which  may  be  used  in  place 
of  a  topographic  map.  The  photographs  are  printed  with  equipmeat  that  filitninatat . 
the  scale  and  ixnM^Q  diBtortin" '  ziuuiting  £rom  tilted  photographs  and  from  rugged 
reli  t  Thsse  are  s^ed  orihQphotogrmpha.  An  orthophotomap,  made  from  ortho- 
photographs,  is  just  as  accurate  as  a  topographic  map.  It  may  be  used  as  a 


(bttream,  road  mid  railroad  crfMu»inge»)  (IIS) 
FRABIE  119. 

Another  type  of  sketch  (Panel  6-19)  is  more  detailed  than  th«!  strip  map. 
The  author  has  added  his  field  notes  and  computations  to  the  sketch.  He  started 
at  an  elevation  of  34  meters.  What  is  his  firishing  elevation  ? 

a.    20.9  b.    72.2  c  12l'5 


6<-52 


FSAKE  27. 

The  photo  scale  tor  the  ftr«as  of  higher  elevations  Is  differ«&t  £roni  Om  scftle 
for  the  low  aress  of  the  same  photografth.  llurefore.  photo  soOe  is  usually 
c^ukiered  approximate  unless  the  terrain  is  very  level,  or  if  special  printing 
methods  have  been  used.  DIffereneca  in  ekvaticoi  may  cause  differences  in 
 withte  a  sin^  photograph. 


(shadow,  relation  to  other  features)  (57) 
FEABIE  58. 

Size  is  a  factor  in  identifying  objects.       looking  at  the  aeriei  photo  of  a 

portion  of  Fort  B^lvoir  (Panel  S-S)  you  see  buildings  of  various  fdi/oB,  The  large 
buildings  inch.de  those  containing  offices,  ciassroom  buildings  ot  the  Engineer 
School,  and  barracks.  You  would  assume  that  the  smaU  buildings  on  the  semi- 
circular road  at  the  top  left  of  the  photo  might  be  family  — 

\ 


e— 5S 


Set  6-9.    PICT0MAP5  ^ 

(iiubbUtuto)  (SS) 
FRAME  8d. 

Pictomaps  are  a  type  of  map  product  that  is  also  made  from  photomosaic§. 
However,  the  gray  tones  of  the  photo  image  are  printed  in  tiatural  colors  ou  tbe 
pictomap.  Some  topographic  map  iziformation  is  also  overprinted  in  color  on 
the  photo  image.  The  special  map,  PORT  BELVOIR  AND  YICmrTY,  furnished 

« 

with  this  text,  is  a  pictomap.*  A  pictomap  combineB  tht  features  of  a  photomap 

printed  in  \  with  many  of  the  sjmibola 

of  a    -  . 


^See  Note  in  materials  list  in  front  of  this  text. 


(b.   12.2)  (119)       ^  .  ^ 

FEAMlt^  120. 

Th^  distances  or.  the  sketch  were  measur4*d  in  strides,  tiut  the  bar  scale  at 
the  bott|3m  of  the  sketch  indicates  that  the  distances  w^ere  plott^  in   . 


FBAME  2a. 

Whan  the  difference  between  the  high  and  low  c' ovation*  in  a  single  photo- 
graph ia  very  gseat,  it  is  better  to  compute  two  separate  »cale»  than  to  use  an 
average  elevation.  On  most  photc  -rapha,  however,  it  is  s'iffident  to  uae  the 
 to  compute  wcsde. 


(i|uarters  or  ho<«iilng>  C5S) 
^^AME  59. 

The  shape  of  objects  is  used  to  identify  them.  Natural  objects  arc  usually 
iritsgiiiar  in  shape.  Look  at  Panel  6-9.  You  see  that  tht."  mannmde  objects  are 
  in  shape  anti  contain  -  s  lines. 


(n&tursi  colors,  topogr&pMc  in»p> 

r&AME  m. 

The  pictomp's  basic  tone  (taa  color  or  "laudtone")  shows  iMre  ground. 
Vegetation  is  shown  in  green  ("vegetone").  The  daxicer  shades  and  shadows  are 
emphasized  by  a  black-c^rc^rs  color  ("shadowtone").  You  wouM  identify  bare 
ground  by  :  color  and  vegetation  by  color. 


(meters)  (120) 
Fii.%M£  131. 

Sketches  nmy  ha  drawn  to  cover  areas  as  well  as  single  rtiutes.  They  may  be 

combined  with  other  ar'>a  sketches  to  increase  the  that  is 

covered. 


ERIC 


<»v«nift  dmtiap)  (tt)         «  / 

re^MB  It. ,  ,  _ 

If  yoA  know  tbt  ieft}«  of  tt»  photo,  you  cas  determine  ground  dliftence  the 
Mme  way  m  when  mtng  s  mait  Multiply  the  photo  meuKUwaent  by  the  denomine* 

of  the  p&oto  RF  tod  convert  to  the  deilred  wait  ^tvcmmirmomit^  if  nicmery, 
mstis  the  ground  dietence  in.feet  between  tm  pc^ts  which  mie  2.4  inches  epert 


on  m  photo  whoee  BF  is 
m,  2400 


•1 


20.000 
b.  4000 


c  46,000 


'::::tiirT.'7::T 


;::::::::;:X':, 


.r.v.'.r.v.v/,.. 


Cregohuv  strsight)  (59) 
FRAME  60. 

'  Shadows  of  objects  on  aerial  phot<»  are  used  to  Mentify  them  and  also  to 
determine  thdr  relative  heights.  Panel  6»10  is  an  aerial  view  of  a  prison.  Notice 
that  the  water  tower  is  ea^y  identified  by  its  shadow.  The  shadow  of  the  water 
tower  (upper  left  in  i^to)  is  !  than  the  shadow  of  the  guard 


tower  in  the  comer  of  tl»  prison  wall  (below  and  to  the  left  of  the  water  tonvr). 
You  know  from  this  that  the  water  tower  is  \  than  the  guard 


tower. 
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(tea,  green)  (90) 

The  darker  shades  and  shadows  &:re  emphasized  in 


(area)  (121) 
FRAME  122.  ' 

Outpost  sketches  are  made  of  the  terrain  ahead  of  an  outpost  Une.  The 
sketcher  must  rely  on  his  sketching  ability.  If  the  sketcher  makes  his  sketch  from 
an  OP,  he  is  making  a  place  sketch  which  is  a  form  of   '  sketch. 


6-i 


m 


$•1^   FMIf^  CNHK^IION  ON  A  ^ 


(b.  4000)  (»)  .  . 

Dix«ctioat  on  tu  Mrial  photogjmpb  «i«  lu^  sboim  u  0^  ThensxvQo 
miiitAxy  grid  Uhm.  nor  «r«  pftrsUeU  and  merldiani  fthown.  If  ft  Bortli  dirKtioa  ii 
needed,  it  muit  be  determiu^  and  sdotUdb  The  «£po«»wt  number  ind 

any  numuaUy  lettered  marginel'det*  fire  uiuelly^ihown  eioof  the  lesdinc  edfi  of 
each  photo  ~~  that  ii,  tlw  front  edge  aa  tbe  aircraft  was  traveling.  Thii  edn  Sa 
fcequently  referre^to  as  tbe  nop"  of  the  photo,  although  it  can  be  any  ciai^ai 
diiectloBf  dependio|r  on  the  dinn^tlMi  of  flight 


m 


m 


■  id'--- 




(longer,  higher  (teller))  (60) 

Tone  and  t^ture  of  objects  shown  in  an  ser'al  photo  (Panel  O^IX)  provide 
clues  to  their  identification.  W<k>ds  and  forests,  for  example,  8ho«r  a  rough 
tea^ture.  Quiet  ponds  ahd  lakes  show  a  smooth  tone  .or  texture.  The  smooth  tcme 
or  texture  of  the  triangular  shaped  object  below  and^to  the  right  of  the  top 

• 

center  ofthe  photo*  Indicate  it  is  a  _  .  or  ^ — ^ 

The  rough  texture  shown  in  moat  of  the  center  and  lower  right  areas  of  the 

photo  indicate  or  .  (This  photo  was 

taken  after  a  light  snowfall.) 

\ 
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3  —  59 


FEAME         '  •  .      '       "  *  . 

Topographic  iof onnatkm  i»  ovMprinUd  on  the  pictomap.  Contours  md  tucb 
cultural  information  as  boundaries,  railroads,  and  namea  are  printed  in  black. 
Drainage  features  {iwampt,  riven,  etc)  are  overprinted  in  blue  and  important 
'  roads  and  buildings  in  red-  On  a  topografshio  map,  as  you  have  learned  previously^ 
the  contours  are  printed  in  brown.  In  a  pictdmap,  you  would  find  contourB  printed 


in 


(outpost)  (122) 
FRAME  128. 

♦ 

Information  on  sketches  is  useless  unless  the  user  can  ^identify  the  location 
of  the  sketch.  The  location  is  note^  in  the  _  • 
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t..... 


nam  tte  pboto  iiMCiet  of     frottid  leAlira  (roidii,  «tc.)  an  in  ite  mom  x«M^b 
(diz^etions  »s  you  kxds  ftt  ihm)  «•  ihdr  tqulYiOeat  map  fotturei.  North  on  Oi* 
photo  wlU  thfiB  cotBddt  with  (or  bt  ptr«U«l  to)  north  oa  the  mi^      ^  north« 
,  you.   tiM  phate  to  the  map. 


\ 


i 


Turn  !Kscfc\  bottom  of  page  6'1  for  frame  St 


(pond  or  lake,  woofli  or  forests)  (61) 
FRAME  62. 

The  .clatioa  of  an  ojject  to  other  nearby  featui^s  on  the  photo  can  ^so  htUp 
you  to  identify  the  object  In  Pa^e!  6-12,  the  building  with  the  checkers!  roof 
close  to  the  airplane  parking  apron  of  the  airfield  would  be  a  . 


i;:::::;; 


FBAMK  ML 

tUftr  to  tba  tpacUI  mapt  FOKT  BELVOIR  AND  VICINmr,  furoisliad  wit^' 
tW«  teJEt  TW»  ia  «  plcfesa<J>.  .Notice  thjit  th«»  i*  both  photi^rriphic  dataU  and  - 
topographic  information.  For  ynfttpp^^^j  in  tht  houaisg  davalopmant  in  grid  iQiiara 
li90,  tho  exact  itreet  pattern  and  the  individual  homea  are  diatinctly  ahown,  Thia 
ia  a  imaf 6  of  the  houalnf  development 


:;:;x;,-,v.;. 


ST 


2H<r»  bckrfe  to  boCfow  o/  page  6-S  for  frame  9| 


(title  box)  (1^) 


END  pF  FRAMES  FOR  PART  Vi 
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PANEL  6-5  -  MARGINAL  INFORMATION 


a.    DATA  RECORDED  MAMJALLV 


6 


8 


3in 


12 


IV  ACGS-USAF  27JiJN«lS57Z  lk2A7^  SaOOO'ASU  5  38'30'N  0Tr48'W  ARE^o^ 

AF  68-20    KC--.    53-107    )(F6ftW    52-]i97    MtNUS  BLUE  U 


fOR'FIR$T  AND  LAST  EXPOSURf  OF  EACH  FLIGHT 
JNCLUDING  LAST  EXPOSURE  OF  EACH  «OLL 
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PANEL  6-5  -  MARGINAL  INFORMATION  (Continued) 

b.    DATA  ^CdilDED  AUTOMATIC ALLV 
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PHOTO  iDENTlFiCATION  DATA 


I.  EXPOSURE NOJMBER 
;  2.  CAMERA  POSITION 

3,  TAKING  UNiT 
.  4.  SERVICE 

5.  SORTIE/MiSSIQN' NUMBER 

6.  DATE     .  ■  \ 
1.  TIME  GROUP  AND  20NE  LETTER 
8.  FOCAL  LENGTH  •  ' 
$.  ALTriUDE 

40.,  KIND  OF  PHOTOGRAPHY 


-  11.  GEOCRAPJilC  QX>RDINATES 

12.  DESCifUPTIVETITLE^ 

\l.  PWOJ^T  NUMBER  OR  CODE  NAME 
'  J 4;  CAMERA  T^E  AND  SERIA^  NUMBtR 
•  IS.  LENS  C0N64eR1AL  NUMBER 

16.  LENS  TYPE  AND  SERIAL  NUMBER 

1 7.,  MAGAZINE  TYPE  AND  SERIAL  NUMBER 

18.  FILM  AND  FILTER.  USED 

I^.  SECURITY  CLASSIFICATION 


e  — 68 


II  I  I  .  ll 


PANEL  S^-PHCTO  RF 


pneto  Kr  •  ^^f|^  dtttonca 


Focoi  Itngm 
of  Itftsi 

H«.M  off***  «  «»»»™ 

comerc  -* 


^Ground  ditfonot 


.'r/T  A,-.' A 

•  A   . 

h  

6  — 6S 


ERIC 


9  • 


PANEL  6-7 


Fiducial 
Marks 


■1 


SMARGiNAt  INFCNtMATiON} 


STEP(T) 


STEP0 


4  cm. 


STEP(3) 


At  INF 

H 

ORMA 

TION), 

;: 

r44- 

53 

52        MASOINAL  INFOKMATION). 

51 
50 

49 

48 
47 


47       4S      49      50       51      52  52 


6  —  70 


ERIC 


i^70  A 


PANEL  6-9  SHAPE 


V"' 


t.;..-. 


6  —  72 


6SS 


ERIC 


View  aerial  pi^otos 

with  shadows 

toward 


m 


ERIC 


693 


ERIC 


puoTO  maps; 


695 


.',v;.v.v«;V.%«v,;u*-.; 


PACES 

CLIWOMETEfJ 

DIFFERENCE 
OF  aEVATfON 

FORE 

BACK 

;  > 

34 

72 

0 

V 

.140' 

ft 

20 

ML., 

t 

33 

84 

V 

fi 

V 

*  # 

41 

-4- 1 

1 

i'4.i^*- 

37.  t 

69 

0 

0 

1  ^  ( — 

27.2 

•  99 

1 

4-  1 

V  f 

-9.9 

20.9  1 

~  f  'fit 

-6  3  ' 

' -  Z>.8  ' 

69  1 

1 

1 

,  4-6.9 

TC 

4  n.4 

bO  9" 

78 

4  1  f  7 

Bl  1 

67 

1      1  I  ?  »  r 

+  30  2 

30 

+  18  • 

78.1  i 

SO 

-1^%  I/O 

-  21 

7^.5 

26 

14*  i 

52.  3 

93 

1/7 
1  CJlh 

-&3.2. 

59.2 

^4S 

1 1/3 

4  6.9 

•  65^? 

30 

^? 

V. 

+  6 

50 

1 

4-  5 

^  YO, 2  1 

93 

ft  * 

ft 

90.9. 

138  1 

1  \/9 
1  vc 

4-E0.7 

1  q3. 4 

62 

? 

+  12.5  ' 

l2iB.0-_] 

f  5 

+  22.6 

1 4^^.  4 

61  ' 

-3 

+  16.4 

121.5 

28 

-8 

+•8 

-22.9 

72.2 

^\7S 

-6  */2 

4-61/2^ 

..  -49.4 
H  

U7^ 


1000       500  0 
i  W  i-l 


toco 


2600  METflS 


ROAD  SKETCH,  INCLUDING  FIELD  NOTES 

r 

6  —  82  Kv  73-10 


411-20CM:-010-060 

STUDENT  PAMPHLET 


COMPILATION  FROM  MAP  SOURCES 

"PULL-UPS" 


NOVEMBER  1975 


DEFENSE  MAPPING  SCHOOL  -  FORT  8ELVOIR,  VIRGINIA 


This  material  is  presented  primarily  for  use  at  the  Defense 
Mapping  School  and  does  not  necessarily  reflect  official  United 
States  doctrine.    It  is  designed  as  a  guide  to  a  general  method 
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1 .    INTRODUCTION  ' 


This  pamphlet  is  to  provide  infonnation  to  supplement  the 
instruction  on  the  Pull-up  method  of  mp  revision.    Pull-ups  are 
normally  prepared  in  conjunction  with  the  Reduction  f^ethod  of 
Compilation  fromvjdap^ Sources  when  the  amount  of  reduction  required 
would  cause  the  detaiJ  to  coalesce  at  the  new  scale. 

2.  BACKGROUND 

Compilation  fnjm  Map  Sources  is  the  compilation  of  new  maps  or 
the  r*evision  of  existing  maps  using  source  maps  as  the  sole  means 
of  obtaining  inforroation. 

The  procedures  used  to  prepare  a  manuscript  differ  according 
to  the  project  and  the  availability  of  source  materials.  Basically, 
however,  there  is  three  methods  currently  being  used  by  cartographers 
when  faced  with  compiling  a  map  from  existing  source  maps.  ' 

a.  One-to-One  Method 

The  One-to-One  Method  is  used  when  the  scale  of  the  source 
map  approximates  that  of  the  final  compilation.    This  Is  more  or 
less  a  direct  tracing  of  the  detail  of  the  source  map. 

Generally,  this  method  Is  used  when  you  have  very  accurate 
foreign  source  maps  available  and  they  have  to  be  converted  to  a 

U.  S.  series. 

Most  of  the  changes  will  involve  symbol izati on  and  in  some 
cases  contour  intervals.    As  an  example,  large  scale  German  maps 
may  have  a  2.5  meter  contour  interval .    The  United  States  does  not 
generally  use  this  interval,  therefore,  it  would  have  to  be 
changed,  possibly  to  ten  meters,  by  compiling  only  every  fourth 
contour. 

The  One-to-One  Method  is  also  used  to  revise  existing  maps 
by  using  foreign  source  maps  having  the  same  scale  and  making  the 
necessary  additions. 

b.  Conmon  Scale  Method 

The  Common  Scale  Method  is  used  when  source  maps,  each  of 
a  differant  scale,  are  available  covering  the  project  area. 


1 


Each  of  the  source  maps  my  be  designated  as  the  primary 
source  for  a  particular  type  of  feature.    For  example,  you  may 
use  one  map  for  relief  and  drainage,  but  it  is  too  old  for  compiling 
cultural  features.   Another  nevfer  map,  may  be  a  pi ani metric  map, 
such  as  a  city  map,  which  does  not  show  relief,  but  is  up-to-date 
as  far  as  culture  is  concerned.   An  additional  map  may  be  necessary 
for  vegetation  features.    These  source  maps  need  not  be  at  the 
same  scale  as  the  desired  new  map  or  even  at  the  same  scale  as  each 
other. 

A  compilation  manuscript  Is  prepared  by  compiling  the  detail 
from  one  of  the  source  maps  and  then  the  others  are  enlarged  or 
reduced  to  fit  it.    The  remaining  detail  Is  then  compiled.  The 
final  compilation  is  reduced,  if  necessary  to  the  desired  scale  of 
the  new  map. 

It  is  not  good  procedure  to  compile  at  a  smaller  than 
production  scale.    A  manuscript  should  always  be  prepared  at  the 
same  scale  or  a  larger  scale  than  the  final  production  scale. 
The  smaller  the  scale  the  less  Information  that  is  available  to 
the  compiler. 

c.    Reduction  Method 

The  Reduction  Method  is  used  to  prepare  small  or  medium 
scale  maps  using  large  scale  maps  as  the  source  materials. 

There  are  two  basic  ways  of  compiling  a  map  using  this 
method.    The  first  procedure  Is  to  have  the  source  maps  reduced 
through  a  photographic  process  to  the  desired  new  scale.  The 
result  of  this  process  is  a  film  positive.    These  positives  are 
then  paneled  to  a  new  base  and  a  manuscript  is  compiled  by 
pulling  up  the  required  detail . 

If  the  amount  of  reduction  is  too  great,  the  detail  on 
the  original  source  maps  would  coalesce  or  come  together  to  such 
a  degree  that  it  would  become  unreadable  when  reduced  in  scale. 
In  this  case,  a  Pull-up  is  prepared  from  the  source  maps.  The 
pull-ups  are  then  paneled  to  a  new  compilation  or  control  base 
and  the  final  manuscript  and  associated  overlays  jare  then  compi.ed. 

3.  PULL-UPS 


Not  all  of  the  detail  that  appears  on  the  source  map  can  be 
shown,  so  the  objective  of  a  pull-up  is  to  select  only  the 
detail  that  Is  desired  for  the  new  map.    The  amount  of  detail 
to  be  selected  is  dependent  upon  the  final  production  scale. 


\ 

\ 


(oSO 


When  preparing  a  pjH-up  there  are  three  factors  the  compHer 
must  consider.    These  are: 

(1)  Scale  of  the  source  maps 

(2)  Scale  of  the  final  product 

(3)  Reduction  factor  required  to  reduce  or  e  ilarge  the 
detail  on  the  source  maps  to  the  final  p*^)duct1on 
scale. 

The  reduction  factor  can  be  detenalned  by  dividing  the  scale 
deitomlnator  of  the  final  product  by  the  scale  denowlnator  of  the 
source  map. 

Example: 


Final  Production  Scale  -  1:250,000 

Source  Map   Scale  -  1:50,000 

250,000  +  50,000  *  5  »  reduction  factor 

It  can  be  seen  from  this  that  the  pull-up  that  the  compiler 
prepares  must  be  reduced  five  times.   Therefore,  all  symbols 
shown  on  the  pull-up  should  be  compiled  five  tiroes  larger  than 
the  specifications  for  the  new  map  In  order  to  conpensate  for 
the  required  reduction. 

t 

Example: 

The  JOG  Specifications  call  for  a  town  circle  to  be  shown 
.05"  in  diameter.   On  a  pull-up  with  a  five  time  reduction 
factor,  town  circles  should  be  shown  .05"  x  5  or  .25"  in  diameter. 

The  exceptions  to  thi|  are  roads,  railroads  and  drainage 
features.    However,  these  features  must  be  shown  wide  enough  to 
ensure  that  they  will  be  clear  and  readable. 

Another  consideration  facing  the  compiler  is  the  displacement 
of  detail  and  clearance  between  features.    On  a  final  compilation 
manuscript,  the  compiler  must  maintain  a  minimum  clearance 
between  features  of  .01".    On  a  pull-up  requiring  a  five  time 
reduction,  this  would  mean  that  a  co.'ni  1  er  would  have  to  maintain 
a  .05"  clearance.    In  order  to  accomplish  this ,  he  will  have  to 
displace  features . 


Example: 

A  road  and  a  stream  are  .03"  apart  and  closely  parallel 
to  each ' ether  on  the  source  map.   The  compiler  would  draw 
the  stream  In  Its  true  position  and  displace  the  road  .02" 
in  order  to  have  .05"  clearance  betvveen  these  two  features, 
•  This  ensures  a  clearance  of  .or  when  the  pull-up  is  reduced. 

It  can  be  seen  froin  the  above  example  that  a  feature  Is  displaced 
only  enough  to  allow  the  minimum  clearance.   When  it  is  necessary 
to  displace  features •  the  following  guidelines  should  be  used: 

(1)  Roads 

(2)  .  Railroads 

(3)  Drainage 

If  a  road  and  railroad. are  parallel  each  other,  hold  the 
position  of  the  railroad  and  displace  the  road;  railroad  and  a 
stream,  hold  the  stream  and  displace  the  railroad,  etc. 

An  exception  to  this  will  occur  when  three  or  more  features  ' 
are  closely  parallel .    In  this  case  the  center  feature  will  be 
compiled  first  and  the  features  on  each  side  will  be  displaced  as 
necessary. 

Before  a  compiler  begins  to  work  on  a  pull-up,  he  should 
completely  familiarize  himself  with  the  specifications  that 
pertain  to  the  new  map  sheet  and  adhere  to  these  specfifications 
when  preparing  the  pull-up.    Irt  .addition  to  the  specifications, 
the  guidelines  and  procedures  set  forth  in  this  pamphlet  should 
be  used. 

4.    GUIDELINES  FOR  PULL-UPS 

The  following  guidelines  for  the  preparation  of  Pull-ups 
should  be  used  in  conjunction  with  the  specifications  for  the 
new  map  sheet  in  the  order  listed. 

a.    Marginal  Information  -  Compiled  in  RED 

(1)  Properly  register  an  overlay  to  the  source  map  with 
comer  ticks  having  a  1  ine  weight  of  .03"  and 
measuring  Z*l  in  length. 

(2)  Label  the  overlay  in  the  SOUTH  margin  with  the  sheet 
number  of  the  source  map  and  the  sheet  number  of  the 
sheet  for  w;  ich  the  overlay  is  being  prepared.  . 


(3D   Label  the  comers  with  their  geographic  coordinates. 

These  valines  should  be  ^3"  high. 

(4)   Using  r  high  Tetters ,  label  the  word  •'TOP"  centered 
In  the  NORTH  margin. 

Example: 


TOP 


77^6*00"  77*00*00 

Shbst  656/ ir      S^rMT  NJia  '4 


i. 


fa.    Elevations  -  Compiled  in  BLACK 

I 

Compile  the  highest  elevation  in  each  quarter  of  the  sheet. 
Also  show  an  elevation  near  the  center  of  the  sheet.   A  roaxifnuta  of 
five  elevations  should  be  compiled  for  each  sheet, 

c.  Horizontal  Control  Stations  -  Compiled  in  BLACK 

•    Ftve  or  six  horizontal  control  stations,  evenly  distributed 
should  be  selected  on  each  sheet.    Control  stations  along  boundaries, 
at  prominent  road  intersections  and  higher  elevations  should  be 
given  first  consideration.    If  the  control  station  has  an  elevation 
on  it,  the  elevation  should  also  be  shown.   Control  stations  should 
be  no  closer  than  one  inch  apart  at  the  final  compilation  scale. 

d.  Drainage  -  Compiled  in  Gi^^EN  -  . 

Because  blue  is  a  non-photographic  color,  green  is  used 
to  depict  drainage. 

As  a  rule,  all  steams  measuring  less  than  one  inch  in  length 
on  the  final  product  are  omitted  on  the  pull-up. 

Exampl e : 

When  using  a  source  map  having  a  scale  of  1 : 50 .000  to 
prepare  a  pull-up  for  a  map  at  a  scale  of  1 :250,DOO,  no 
drain  on  the  map  measuing  less  than  five  inches  will  be 
pulled  up. 

The  drainage  pattern  on  the  pull-up  must  be  representative 
of  the  pattern  on  the  source  map. 

Open  water  areas  must  conform  to  the  specifications  at 
final  production  scale.    For  example,  the  minimum  width  for  a 
double  line  drain  on  a  1:250,000  scale  map  is  .02";  therefore , 
in  order  for  a  stream  to  qualify  as  a  double  line  steam  on  a  pull-up 
at  1 : 50,000  scale,  it  must  measure  .1"  wide. 

e.  Populated  Places  -  Compiled  in  BLACK 

Populated  places  are  the  next  feature  to  be  compiled  on 
the  pull-up.    The  method  and  symbol izati on  must  be  cofimens urate 
with  the  scale  of  the  final  product.    For  medium  and  small  scale 
<(paps,  town  circles  and  built-up  area  outl ines  are  generally  used. 

The  largest  towns  are  compiled  first.    When  a  populated 
place  qualifies  as  a  built-up  area,  the  outline  should  include  all 
suburban  areas  that  have  a  systematic  street  pattern  and  a  relative 


^8^ 


concentration  of  buildings.    Do  not  include,  however,  outlying 
scattered  buildings.  Whenever  the  outline  coincides  with  a  linear 
feature,  the  linear  feature  becomes  the  outline. 

If  a  populated  place  does  not  qualify  as  a  built-up  area, 
a  town  circle  Is  used.    Again  the  largest  towns  are  compiled  first. 
Town  circles  should  be  shown  at  the  approximate, center  of  the  towns. 
If  two  towns  are  in  close  proximity  of  e<fch  other  on  the  source  map, 
the  one  having  the  highest  military  value  and  that  contributes  to 
the  best  representatives  pattern  should  be  compiled. 

ml 

NOTE:    On  a  1 : 250. 000  sca\e  map,  the  town  circles  should 
be  at  least  one  inch  apart. 

f .    Rai 1  roads  -  Compiled  in  BuACK  .  -  ^ 

Railroads  are  a  very  important  line  of  communication  and 
therefore  very  important  on  a  military  map.    As  much  as  possible, 
all  railroads  should  be  pulled  up  with  the  exception  of  short  sidings 

Rai 1  roads  are  of  great  military  importance  and  must  be 
shown;  however;  due  to  the  scale  reduction,  it  may  be  pos^ble  to 
show  only  a  represent ive  pattern.  \ 

A  distinction  must  be  made  between  single  and  multiple 
track  railroads.    If  therein  more ,than  two  tracks ,  the  number 
of  tracks  will  bf  labeled  along  the  'railroad  syn^l.   When  there 
is  a  change  in  the  number  of  tracks ,  the  point  of  change  roust  be 

indicated. 


Example: 
3 


4  rmcKS 


g.    Roads  -  Compiled  in  RED 

The  highest  classification  ot  roads  appearing  on  the  source 
maps  are  compiled  first.    In  some  foreign  areas ,  the  highest 
classification  may  only  be  a  fair  or  dry  weather,' loose  surface 
road  or  even  as  low  as  a  cart  track. 


I 


When  compiling  the  roads,  the  compiler  should  bear  in  mind 
that  all  towns  should  be  connected.    Where  a  town  circle  is  positioned 
on  a  road,  the  road  must  be  broken  where  it  intersects  the  town 
circle.    Roads  are  the  only  feature  to  be  brolcen  for  a  town  circle. 

Example: 


In  built-up  areas  you  need  only  snow  a  representative 
'  pattern  of  thi-ough  roads  and  streets.    A  through  road  is  a  road 
,  that  will  allow  you  to  traverse  an  area  in  the  most  expeditious 
manner. 

h.  Miscellaneous  Features  -  Compiled  in  BLACK 

Features  of  landmark  and/or  military  significance  are 
to  be  shown  in  accordance  with  the  specifications  fpr  the  job 
being  produced. 

i.  Area  Features  -  Outlined  in  YELLOW  ^ 

Area  features  are  features  such  as  vegetation,  rice,  lava 
flows,  marsh,  etc.    These  are  to  be  compiled  only  when  the  area 
that  they  encompass  measures  a  mini mum  of  .1"  x  .1"  at  .the  final 

production  scale. 

When  an  area  outline  coincides  with  a  linear  feature . 
omit  the  outline.  ^ 

Example: 

H — H  ^  h 

I        fit         * ' 

±L  I 

i 

Ijl.  ' 

 I 


( 
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j.    Relief  -  Compi  .ed  in  BROWN    "         *'  ' 

Contours  are  to  be  pulled  up  in  accordance  with  the  contour 
interval  specified  for  the  final  product.    Ihe  compiler  nnist  dis- 
tinguish the  intemedlate  and  index  contours      per  the  ne«  controur 
interval. 

Due  to  the  reduction  involved,  the  contours  must  be  general- 
ized by  smoothing  out  the  curves  and  eliminating  the  minute  details 
of  the  contours.    The  asount  of  smoothing  that  *ill  be  required 
will  depend  upon  how  much  the  pull-up  will* be  reduced;  however, 
the  general  characteristics  and  shape  of  the  original  contours 
«ust  be  retained 

Example: 


CONTOUR  INTERVAL  20  f€TERS  CONTOUR  INTERVAL  100  METERS 

SCALE  1:50,000  PULL-UP 


When  pulling  up  contours,  the  compiler  should  ensure  that 
the  contours  cross  all  roa^s  at  a  SO  degree  angle  and  when  they 
cross  a  double  line  stream,  that  th'ey  intersect  the  shoreline  at  a 
90  degree 'angle. 

k.    Boundaries  -  Compiled  in  BLACK  (no  overprint) 

Boundaries  are  to  be  shown  in  accordance  with  the  appro- 
priate specifications. 


5.  SUmftRV 


The  pull-up  Is  an  expedi ent  method  of  compiling  a  small  or 
medium  scale  map  from  source  maps  of  a  larger  scale.   All  syn^oll- 
zation  must  be  enlarged  by  multiplying  the  appropriate  symbol  size 
by  the  aaiount  that  the  pull-up  is  to  be  reduced.   The  exceptions 
to  this  are  roads,  railroads,  and  drainage.    However,  these  must 
be  symbolized  wide  enough  to  ensure  that  they  will  be  of  a  reasonable 
width  when  reduced.  •  . 

The  order  of  compilation  prescribed  in  this  pamphlet  should  be 
adhered  to  in  conjunction  with  the  specifications  peculiar  to  the 
project  the  pull-up  is  being  prepared  for. 


PORTION  OF  A  KAP  AT  A  SCALE  OF  1 : 50, 000 


SAME  AREA  AT  A  SCALE  ,000 
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mswscn,c^  to  sTonsaiTS 


This  progrsasaed  workboc^c  is  a  sort  of  "do-it-ywrself''  \fark.- 
book,  witli  tnsiXt-ia  instntcticass  axid  directloas  •   The  asaterial  is 
arraiigftd  In  lo-rols  (indic&tiiig  thd  locfttloa  cm  ths  p&ge)^  and  e&oh 
lavtti  is  furtlisr  brokan  dam  into  nine  smell  staps  called,  frasiss. 
For  each  frsuse,  there  is  an  austioa  whicsh  jrequirws  ycu  to  do  sob»- 
tbingj  either  by  filling  iJi  a  blank  space,  or  other  directed  action. 

This  is  not  a  test  so  don't  hurrys  take  wbatever  t&im  ywi  need 
to  cenplete  all  the  fraiaes.   The  cmrect  response  is  gi'ven  jiist 
abo-ve  the  start  of  the  n^.f^rsme*   If  yo^  reepcose  is  wrong  go 
back  and  study  tim  trasm  nntil  yoa  understand  ths  correct  ayction 
before  proceeding  to  ths  nest  fV&as*   Qoce  a  trams  is  completed  and 
understoody  go  directly  to  the  n^ct  frame* 


'  \  1 


OBJECTIVES  OF  THIS  WORKBOOK 


Upon  ccffl^letion  of  this  workbook^  you  will  be  able  to  do  the  foUowr- 
ing: 

1.  Plac©  all  station  notes  in  their  correct  location 

2.  indicate  '^bj  note^*,  the  points  denoting  the  beginning  and 
ending  of  construction 

3.  Din»nsion  the  horizontal  length  of  vertical  curves 
U«    Indicate  the  slope  of  all  straight  grade  tangents 

5-    Compute  cut  and  fill  notes  and  place  them  in  their  correct 

locations 

6.  Plot  and  dimension  ditches 

7.  Simplify  ditch  specifications  into  notes 

8*    Place  ditch  elevation  markers  >^ere  required 

9.    Place  culvBrts  and  drainpipes  in  their  correct  location 
and  show  (by  note)  how  they  are  located 


FIKAL  INSTRUCTIONS 


Work  all  frames  in  one  level  before  going  to  another  level. 
( Stai't  Frame  1  =  Leml  A,  at  top  of  page  ii. ) 


■  ■  V 


!•  'On  Road  Dranings,  there 
placenant  of  Notes  and  lUmen^ioDS 
Statioa  Notes.    These  are 
portic^  of  the  paper.  Each 
to  which  it  refers. 


are  specific  areas  and  methods  for 

Ihe  first  type  w©  go  iato  are 
vertically  ixito  the  plan-^eir 
2X0 ta  should  be  centered  o&  the  station 


placed 


NOW  COHFLBTE  ACHOH  1,  AT  TCiP  OF  FAGHKJ  E&OE  <Bage  5) 


(CDT) 

10.  Determining  Cut  anc^  Fill  Note  (Coatiimed). 


Hotf  look  at  Figure  1^  Station  2  kO$  the  profile  is  belov  the 
gradeUne  which  lnS>qsites  a  fill.  The  profile  elevation  is  hSl.O* 
and  the  gradeline  ele'sfdi^oa  is  501.6' . 


LEVEL  C 


(0-^7)  (1+30)  i*h.3%) 
19'  Ditch  Dinieiisioxis : 


Ditches  are  dimensioned  by  the  axtensioa-dimension  line  method 
which  includes  the  sin^lif led  note  (abbreviated  ditch  specifications ) 
from  which  that  segment  was  determined. 


ERIC 


ERIC 


LEVEL  A  ''^ 


ACTIOS  1. 

Qa  jour  draidiiSj  station  notes  are  placed 
into  the  plan  view  portion  of  the  paper  and 


on  the  to  idaich  they  refer. 


GO  TO  FRAHS  2,  LEVEL  A,  NEXT  MCffl 


LEVEL  E 

ACTION  10. 

The  difference  Isetween  the  profile  aad  gradeliJM  elavations 

iE  ^  i^ch  means  that  at  Station.  2  +  I4O,  the  ctepth 

of  is 


LEVEL  C 


ACTION  19. 


Ditches  are  dimensicjned  by  the 


3JLne  method  which  includes  the  '  note 

from  which  that  segn^nt  was  det^innined- 
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LEVEL  A 

(VERJIG&LLY),  (CENTSHED),  (STATION) 
2.    Begin  Cc<nstructicas 


This  note  indicates  the  point  where  actual  coostnictiaii  oa  the 
road  begins*    It  contains  infonoation  pertaining  to  tJae  station 
and  elevation  where  construction  begins.    (See  figure  2,  page  23  of 
this  workbook*) 


LEVEL  B 

(U.6«)  (FILL)"(U.6') 
11.  Grade  Notes: 


A  grade  note  indicates  a  station  or  point  along  ths  gradeline 
^iiere     neither  cut  nor  fill  is  required.    (See  figure  Z,  Station 
2  +  (2  alcaig  profile  ar^ri  gradeline . )    This  is  each  point  \^ere 
the  profile  crosses  the  gradeline.    The  prqfUe  and  gradeline 
elevatic  IS  at  these  points  will  be  the  saiae. 


LEVEL  C 

(EXTENSION)  (DIMSNSION)  (SDSTLIFIED) 
20.  Simplifying  Ditch  Specifications: 

In.  most  instances,  it  is  possible  to  raake  a  simplified  "Ditch 
Note"  ra-^er  than  copy  the  whole  note.    This  saves  both  time  and 
space.    However,  the  simplified  version  should  contain  all  the 
pertinent  information  cohtsinsd  in  the  original  specification. 


ICTIQHa.  *  ■ 

la  Figup»  2,  the  note  indicating  the  begiiaSiQg  of  ccaaastructicai 
should  r«ad? 

Sta»  bagin  const* 

Elov. 


koncss  11. 

The  point  where  the  profils  crotiseo  the  grade  is  not«d  as  & 

•la  the  cut  imd  fa.ll  notes.   The  ©lev&tioa 
at  these  points  is  the  


LEVEL'C 

ACTION  20« 

The  main  reason  for  maidng  a  sijsplified  Ditch  Note  is  to 
s&v*  and  • 


'^1 


LEVEL  A 

(0*00)  (ii97.00 

3,   Hotes  Regarding  Vertical  Oarroas  • 

These-  notes  indicate  the  three  stations  on  aach  vertical  oirve 
which  naist  b«  established  in  ordsr  to  locate  the  cyrw  properly. 

These  static»is  are:'  (a)    Point  of  Vertical  Curvature  (PVC) 

(b)  Point  of  Vertical  Intereectim  (Pvl; 

(c)  Point  of  Vertical  Tangency  (PVT) 

Theae  points  are  her^fter  referred  to  bjr  their  aJjbrtviatiooa : 

(PVC),-  (pvr),  (pvr). 

These  vertical  curve  notes  contain  Infornatico  pertaining  to 
iiheir  station  and  elevation. 


LEVEL  B 

(GR&BE)  (SAME) 

12.  Location  of  Gut,  Fill,  and  Grade  Notes: 

The  bottom  row  of  the  lirofile  paper  is  allocated  excltiaijely 
for  cut,  fill  and  grade  notes.    This  row  will  have  to  be  divided  into 
three,  equal,"  vertical  spaces  in  order  to  accoranodate  the  prof ile  and 
gradeline  anS^^  amount  of  cut  and  fill.  '(See  figure  2,  page  23.; 


LEVEL  C 


(TIME)  (SPACE) 


21         T  Jse  note  "a"  of  the  Bitch  Specifications  (agtire  I,  page  22. 
fo^  example:  Note  "a"  states  that  a  2 •  FBD  is  to  be  used,  that  this 
ditch  is  existing,  aM  that  it 'a  drawn  2.0'  below  the  centerline 
of  the  finished  grade  aa  the  right  and  left  sides  of  the  road.  Note 
"a"  when  simplified  should  read  "2  «  FBD  2.0'  below <L  Fin.  Gr  ®  R&L 
existing." 


'section  3. 

\ 

Thaae  aotes,  (&s  illiistrated  in  figure  2,  page  23  >  should  r©adc 


Sta. 


Sta. 


Sta. 


Elev. 


LEm  B 


ACTION  12. 

The  bowtom  ton  on  ths  proflla  paper  is  Sdt  aside  for 


-"d  notae,  and  is  divided  into 

faqual  vertical  spaces. 


LEVEL  C 

ACTION  21. 

Note  '0)"  of  the  Ditch  Specifications  (page  22  )  when  sicip.ified 

to  a  Ditch  Note  showuLd  read:   ,  1.1^' 

grade  @   and  . 


MS 

LEVEL  1 

(WO)  (0*83) 

(m)  (2+33)  (504.00 

<PVT)  (3^3)  (1*90.50 

U.   &:id  Cksistructicsi  Notes 

This  note  shows  the  station  and  elevat:3^c^  whera  actual  cooatruc- 
tion  on  tha  road  ends. 


LEVEL  B 

(COT)  (FILL)  (GRABE)  (THREE)  V 
13.  Cat  and  Fill  and  Grade  Notes  £ 


A  cut  and  fill  note   is  given  for  e&ch  point  on  the  profile  that 
vfas  plotted  m  yoar  drawings  froia  the  surveyor's  profile  notes. 
Grade  notes  are  given  for  each  point  vhare  the  profile  crosses  the 
gradeline.    The  station  of  all  grade  points  win  be  given  as  illus- 
trated. (See  figure  2,  Sta.  2  *  02.) 


(2'FBD)  (BELCM)  (E)  (L) 

22 .  Now  look  at  note  "c"  of  the  Ditch  Specifications  (page  22),  note 
"c"  tells  us  that  we  are  to  plot  two  ditch  segDients,  both  being  on 
the  left  side  of  the  road.    In  dimansioning  these  two  ditch  se^nents, 
two  separate  dimensions  and  notes  would  be  required. 
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LEVEL  A 


As  Illustrated  in  Figure  2»  tbos  siotd  should  rs&d: 

Sta*  end  cmst, 

Elev> 

/ 
/ 

LSVSL  B 

ACnOK*13. 

The  three  eXemants  that  make  up  a  cut  and  fill  not©  arm  the 

elav,,  the    '  elev,. 


and  the  aaount  of  cut  cr  fill.  For  grade  noteisi  th&  voTd 
 replaces  the  asaatmt  of  cut  or  fill. 


LEVEL  C 

ACTION  22. 

Not©  "c"  of  the  Ditch  Specifications,  whan  s^inpllfied^ would 

readCfor  the  first  part),  +  2'FBD  Q  j 

(for  the  second  part)    +  2 'PBD  ®  . 


U 


Length  of  Cur9«: 


ttie  vBrtical  curv9.  this  dlmmlon  shms  tim  horlsoutal,  I«ngth  fro» 
the  FtrC  to  th«  OT. 


LEVEL  B 

(PHOFILE)  (CmADELISE) 
(GHABE) 


lii.  Descilptdon  of  Ditches: 


A  ditch  is  showi^  as  a  dashed  llm  helau  the  gradeUjie  of  the 
road.    This  .'line  represents  the  bottom  of  the  ditch  or  the  flew 

(lotfaat  le-wel  or  which  water  can  flow)  elevatioa.   There  are 
two  types  of  ditclhes  »^^3d  in  ailitaiy  constniction;  the  bottcsn 
ditch  (7BD),  and  the  flat  bottom  ditch  (FBD).    (See  figure  on 
facing  page. )  ^ 


LEVEL  C 

{^h\3%)  (L)  i*h^m  (L) 

23 •  Ditch  Elevation  Markers: 


A  ditch  eiev::^tion  isarker  ±b  a  note  given  for  each  point  where  a 
ditch  begins,  changes  elevation,  and  ends#    This  note  contains  in- 
formation pertaining  to  the  staticm  and  elevation  of  these  points. 


-  7 


12 


In  Figure  2,  the  luagth  of  tha  v«jrticAl  curve  is 


ACTION  Hi. 


The  bottoK  of  a  dltcb  is  the 


elevatiaai  of  that  'Atch. 


DITCH    FLOW  LIHC 


imSL  B 


VBD 


LEVEL  C 


ACTION  23. 


A  ditch  elevation  ja&iicer  ccastaina  information  pei*tainiag  to  the 
  and    of  each  point  ^ere  a  ditch  ' 


begins,  changes  elevation,  and  ends. 
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( 

(300') 


6«    Borcant&i^  of  Gradsas 

Tiio  slope  of  the  strai^it  grade  tangoats  is  indicated  by  per- 
cent; such  as         -3%,         -ii^,  etc.    These  figures  are  placed 
parallel  to,  and  ctintez^d  on  the  tangent  to  vhich  they  refer. 


(FLCM  LIKE) 

15.  Plotting  Ditches: 

Ditc^ies  are  plotted  frcaa  notes  or  specifications  which  are 
ustally  given  to  the  drstftsaan*   Each  note  represents  a  segaieat  of 
a  ditch  located  either  m  the  rig^t  (R),  left  (L),  or  right  .and 
left  (BSeL)<  sides  of  the  road.    (See  fi'gare  on  facing  page.) 


LEVIEL  G 

(STATION)  (ELELVATION) 

2U*  The  ditch  elevation  marker  is  drawn  in  the  form  of  a  fraction. 
(See  figor©  on  facing  page. )    In  the  figure,  the'  station  '^f  the 
point  is  the  nvuserator  of  the  fraction  aiOd  the  elevation  of  the 
point  is  the  denaainator  of  thfe  Traction  . 


ERIC 


lo3 


LEVEL  A 

ACTION  6. 

In  Figure  ^. ,  the  perceat&gos  of  t<he  first  and  second  strai^t 
grade  tangents  are  and  ^  « 

LEVEL  B 

ACTION  15. 

Tha  notation  '^2  'FBD  &  MiL"  means  that  there  ia  a  2 » 


on  the  and  side,  of  the  road. 


LEVEL  C 

ACTION  2k. 

A  ditch  elev;ation  marker  is  drawn  in  a  fornix 


er|c 


LEVEL  A 


(^3-0^)  (-3-0^) 


7.    Cut  and  Fill; 


Cut  and  fill  simply  irMvingi  tm"&  in  some  placsa  along  tha  road 
project*  thB  earth  will  either  have  to  be  cut  anay   or  fill^  in, 
in  order  to  bring  tha  proposed  gradelina  to  the  desired  election 
or  level  as  required.    (See  figure  2.) 


LE7EL  B 

(FLAT  BOTTOM  DITCH)  (RIGHT  AND  LEFT) 


16 •  The  first  step  in  plotting  ditches  is  to  find  the  station  and 
elevation  where  the  ditch  beginsr  and  ends  •    This  information  is 
obtained  fron  the  ditch  specif i^ations  •    (Typical  examples  shown  in 
figures  1  and  2,  pages  22  and  23.) 


LEVEL  C 

(FR^CTION/J.) 

25*  f^ilverts  and  Drainpipes: 


Culverts  and  drainpipes  are  used  under  roads  to  carry  water^ 
which  cannot  be  diverted  with  less  cost^  to  natural  drainage  channels 
by  other  means .    The  types  of  culverts  and  drainpipes  coranonly  used 
in  military  construction  are: 

1.    CMDP  -  Corrugated  metal  drainpipe 

2 •    CP     -  Concrete  pipe 

3  •    BC     -  Box  culvert 

L    TBC    -  Timber  box  culvert 

<  : 


16 


\ 

\ 


105" 

LEm  A' 


ACTION  7. 

Froa  Figure  2,  we  can  dran  the  oonclusioas  that  tii©  profile 
being  above  the  gradellna  ladicsates  a      ..  and  the 

profile  being  below  the  gradolino  indicatee  a  > 


ACTION  16. 

laf  onnatioa  pertaining  to  the  beginnmg  and  ending  points  of  a 
ditch  segment  is  obtained  from  the  • 


lEXJL  C 


ACTION  25. 

A  culvBrt  or  drainpipe  is  used  to  carry  water  mlch 
cannot  be  diverted  bv  cheaper  means  5  to  ' 

channels • 


?9 
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LE7EL  A 

(GUT)  (FILL) 

8.    Gut  and  Fill  Notes: 


Cut  and  fill  notes  are  notes  that  shew  the  height  of  e&rth-cut 
(C),  or  depth  of  earth-fiH  (F)  at  a  specific  point j  say  for  each 
plotted  point  on  the  profile.    These  notes  are  detemdaBd  from  the 
elevation  of  the  profile  and  gradeUne  at  noted  point. 


LEVEL  B 

(DITGE  SPSCIFIG4TI01B) 


17.  The  next  step  is  to  find  the  slope  of  the  se^ssent  to  b©  drawn. 
Not©  "a"  of  the  Ditch  Specifications  (see  figure  1,  page  22)  does 
not  give  an  immediate  slope  for  that  particular  se^i^tj  but  it 
does  tell  us  that  the  ditch  is  two  feet  below  the  existing  road 
and  isb  therefore,  parallel  to  the  existing  road. 


LEVEL  C 

(MIURAL)  (URAINAGE) 
26,  Location: 


A  culvert  or  drainpipe  is  located  bj  its  station  and  flowline 
(FL)  elevation.    (See  figure  2.)    The  station  is  the  centerHne  of 
the  culvert  or  pipe,  and  the  flcwline  elevation  is  the  lowest  possible 
level  by  which  water  can  flow  throu^  the  culvert  or  pipe. 
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LEVEL  A  • 

AOTQS  8. 

Cut  and  fill  notes  arfe"  gi"ron  for  each  point  on  the 
 ,  and  are  determined  froni  the  elev&ticm  of  the 


profile  and  gradsline. 


•  c 


ERIC 


LEm  B 

ACTION  17. 

The  set  of  points  equidistant  (2 '  belorf )  from  a  strai^t 
line  (the  axtsttng  road)  is  a  line. 


LEVEL  C 

ACTION  26. 

A  cnslvBrt  or  drainpipe  is  located  "by  its       _  and 

elevation* 
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1 1 


(PLOTTED)  (PROFILE) 

9.  Detenairdng  Cut  and  Fill  Notes: 

Look  at  Figure  2,  Station  0  +  00 1  the  election  of  the  proTile 
is  500.2 »  and  the  alevation  of  the  gradeline  is  iiS'T.O*.  Tm 
differ©:-  \  belaraen  the  two  ©Ije-vations  is  3-2 


LEVEL  B 


(PAE&LLEL) 

18.  Now  look  at  note  "c"  of  the  mtch  Specdficatdons  (page  22). 
Note  "c"  differs  from  note  "a"  and  note  "b"j  that  is,  it  giws  a 
slope  with  ^ch  to  draw  the  ditch  instead  of  a  distance  below 
the  gradeline.   This  is  so  because  as  a  practice,  parallel  ditches 
are  made  under  the  strai^t  portions  of  the  road,  and  with  specific 
slopes  at  the  curved  portions  of  the  road. 


LEVEL  C 


(STATION)  (MW  LINE) 
27.  Scales 

Culverts  and  drainpipes  are  drawn  using  the  vertical  scale 
only.    This  is  to  insure  that  the  image  of  the  culvert  or  pip^  will 
not  be  distorted. 


9') 
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LEVEL  Sl 


ACTION  9* 

Since  tha  profile  at  Station  0  +  00  is  above  the  gradeiizsej 
Station  0  +  00  indicates  a  ,  3.2*  ii«*igjjt# 


TORN  BkCK  TO  FRAME  10,  PIGE  h,  LSm  B  ' 


LBVEL  B 


ACTION  18. 

Tha  first  part  of  note  "c"  of  the  Ditch  Specification^ 
states  that  a  ditch  sepsent  is  to  be  drawn  fron  Stati<m  _____ 


to  Statim  at  a  slope  of 


7DHK  mCS  TO  FB&m  19,  RAGE  hi  LEVEL  C 


LEVEL  C 

ACTION  27. 


The  vertical  scale  cm  your  drasdng  is 


You  have  coinpleted  qll  the  frames  covering  the  lesson 
loaterial  "as  required"  to  correctly  dimesisioa  a  road 
profile  and  gradeline  drawing. 
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DITCH  SPECIHCmDNS 


(Fi«ja08  IS  thru  2h)  '. 

Bitches  ai«  dmm  as  dashed  lines  below  tha  gradelinv  and  labeUod 
with  sa  abbrtt'ViatAd  sp«clficaticxi  kaom  as  «  >12itc|:i  Mo-&e" 

a.  Fixm  Statioo  0  +  00,  elev  521.6',  plot  the  existing  2 'FED 
2.0^  belov  centerline  grade  on  ML  for  a  distance  of  60*  to 
the  left  of  Station  0+00. 

b.  '    Beginning  at  the  end  of  existing  ditch,  ele'tt  $21.6',  sta.0  +  00 

pa.ot  a  2*  FBD  1.1|<  belcw  centerHne  grade  cm  BMt  to  Sta.  0  + 
67.1;?. 

c.  Prom  Sta.  0  +  6?  to  Sta.  1  +  30,  a  2»  FSi),  slope  *k»3%  ©  I»- 
Froa  Sta.  l  '-*-  30  to  Sta.  1  *  72.5,  a  2«  FBD,  slope  L. 
Check  elev.  at  St*.  1  +  72.5  which  is  529.3*. 

d.  From  Sta.  0  +  67.h7  tc  Sta.  1  +  20  a  2 'FBD,  slope  +3.1^  ©  R. 
From  Sta.  1  +  20  t  Sta,  1  +  80,  2  'FBD,  slope  is  +2.«^  «  H. 
Elev.  at  Sta.  1  +  SO  is  5S8.1».  ^ 

-e.     Plot  a  U'  FBD  a  L.  from  Sta.  3  *  5U  to  Stu^  h  ♦  60.95,  at  a 
+2^.0St  slope.    Elev.  at  3  t  5U  is  531-6 ' . 

f.  Plut  a  !;«  FED  a  R  from  Sta.  3  +  UO  to  Sta.  h  +  60.95,  at  a 
+3.0^  slope.  Elev.  at  Sta.  3  *  kO  is  530.1'. 

g.  From  Sta.  h  +  .60.95,  Elev.  f,33.7',  to  Sta.  5  +•  77  plot  a  W 
FBD,  on  the  JAR.  Slope  +0.5;^. 

h.  From  Sta.  6  +  68,  Elev.  53^4.1*',  to  Sta.  7  +  70*95  plot  a  V 
FHD  having  a  -0.5/S  slope  at  the  UcR, 

i.  From  Sta.  7  +  70.95  to  Sta.  8  +  Uo  at  a  -1.0%  slope,  plot  a 
h'  FED     R.    Frcxtt  Sta.  8  +  ii0,to  Sta.  10  +  11  plot  a       FED  & 
R  wit±i  a  -3*5^  slope. 

j.  At  Elev.  533.9',  Sta.  7  +  70.95  to  Sta.  8  +  1*0,  plot  a  U'  FBD 
@  L  with  a  slope  of  -2.0^.  From  Sta.  8  +  liO  to  Sta.  10  +  18, 
plot  a  U'  FBD  with  a  -3.5^  slope  ®  L. 

k.     From  Sta.  11  +  17,  Elev,  52li.8'  to  Sta,  11  +  2ii.72  plot  a  2  «  FBD 
with  a-KD.35^  slope  @  the  F - 

1.  From  Sta.  11+07,  Elev.  521;. li'  to  Sta.  11  +  21;. 72  plot  a  2' 
FHD  with  a  +2.0^  slope  on  the  L. 

m.  From  Sta.  11  +  21;. 72,  Slev.  52^.8 '  to  Sta.  13  +  00,  plot  a  2* 
FHD  at  ML  with  a  +0.3^  slope*  Elev.  at  Sta.' 13  +  00  is  525.3. 

22  ry  ^ 
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iKSTEuenoKS  to  students 

This  progTEnmieci  lesson  is  azu^tlier  of  the  **sdf>tpanhing"  booklets. 
This  booklet  is  arranged  siimiar  to  the  ones  you  have  completed  in  the 
past  It  is  composed  of  a  seiiea  of  steps  or  frames  that  are  to  be  com- 
pleted before  proceedia^  to  the  next  frame-  This  booklet  is  divided  into 
three  levels,  A,  B  and  C  which  are  to  be  completed  one  level  at  a  time. 

To  woric  and  learn  from  this  booklet,  read  the  left  portimi  of  the 
frame,  then  over  to  the  right  page  and  complete  the  response  or  take  the 
necessary  action. 

Before  going  into  the  practical  exercises  complete  the  short  self -test, 
which  is  designed  to  see  how  much  of  the  information  you  have  obtained. 

After  the  self -test  you  do  the  practical  exercise.  Here  you  will  learn 
to  read  and  use  the  engineer's  scale. 


OEI£C7]!fV£S  OF  TMIB  LESSON 

i 

Upon  completiosi  of  this  leaKon  you  wiU  know  how  to  nm  and  read  the  . 
engineer's  scale,  speci&cally: 

a.   Plot  maasumnents  £rom  reference  points. 

Obtain  a  meaouremfoit  betwt^en  two  points. 

c   Read  ^imAnamnii  between  given  pointg  located  on  a  Une. 

d.  Seiecrt  the  prop^  scale  for  each  drawing. 

e.  Undei^tand  why  some  drawings  are,  made  either  to  enlarged  or 
reduced  scale. 

f.  Have  a  fun  understanding  as  to  what  each  division  or  subdivi' 
sion,  on  any  given  scalef  represents  on  th^  drawing  itself. 

Use  your  engineer's  scale  and  proceed  to  frame  #1.  Work  through 
level  A  before  starting  level  B.  After  completing  level  B,  continue  thru 
level  C,  then  the  self -test.  An  instructor  will  be  on  hand  to  assist  you 
thru  any  questionable  items. 


LEVEL  A 

1.  The  proper  use  of  drafting  scales  enablesi  a  draft^soan  to  lay  out 
proportiooal  dimt^nsions  quickly,  eaaiiy  and  accurately. 


NOW  COMPLETE  RESPONSE  1,  AT  TOP  OF  BRACING  PAGE 

(TBIANGULAB  OB  BEV1SLKD) 


9.  The  triangular  shaped  engineer's  scale  baa  the  greatest  advan- 
tage because  it  has  six  rutio  seiectionn  on  the  one  instrument. 


CX)MPLETE  RESPONSE  9,  LEVEL  B 


LE\nEIL  0 

(DKCIMAlXJLY) 


17.  The  engineer's  scale  is  used  primarily  for  civil  engineering  draw- 
ings, such  as  plot  or  site,  roads,  and  airfield  plans. 


COMPLETE  RESPONSE  17,  LEVEL  C 

4  ^  .:  ^ 


( 

\ 

i 


( 

ERIC 


L£V£L  A 

Bt:!j*|Ni>&tte  L  A  dr;iftsma£  ii  able  to  I&y  out  proportioxmi  dimenfiicmB 
 ,  ,  and  _  with  the 


the  proper  use  of 


60  TO  FRAME  2,  LEVEL  A,  NEXT  PAGE 


LEVEL  B 


BespQixiie  0.  The  greatest  advantage  of  the  tnangular  shap^  engi- 
neer's scale  is  that  it  has  in 

one  scale. 


GO  TO  FRAME  10,  LEVEL  B 


LEVEL  C 


Res^ptmiie  17.  The  scale  that  would  be  used  for  road  construction 
plans  is  the  


GO  TO  FRAME  IS,  LEVEL  C 


11 

LEVEL  A 

(QUICKJLY,  EASILY.  AND  ACCUBATKL.Y) 
(DBAFTING  SCAILE) 

2.  Usually  full  size  drawings  are  not  practical,  so  therefore  the  drafts- 
man must  make  the  drawmgs  either  to  reduced  scale  or  enlarged  scale. 


COMPLETE  RESPONSE  2,  LEVEL  A 


LEVEL  B 

10.  The  scale  is  usually  made  of  boxwood  with  a  plastic  coating.  Care 
should  be  taken  to  protect  this  plastic  coating  at  ail  times. 


COMPLETE  RESPONSE  10,  LEVEL  B 


LEVEL  C 

(ENGINEEK'S  SCALE) 

IS.  The  standard  engineer  scale  is  broken  down  into  units  and  tenths 
of  a  unit. 

COMPLETE  RESPONSE  18.  LEVEL  C 

6 

7  ^  ^ 


LEVEL  A 


Besp^mse  3.  Drawings  are  usually  made  either  to 
or  


GO  TO  FRAME  3.  LEVEL  A 


LEViX  B 


Response  IG.  The  material  used  to  make  this  scale  is 
with  a  :   . 


GO  TO  FRAME  11,  LEVEL  B 


LEVEL  C 

Response  18.  When  reading  a  scale  of  1"  —  10'  the  subdivisions  of 
that  inch  equal    foot. 


GO  TO  FRAME  19.  LEVEL  C 
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LEVEL  A 

(£>LAHG£D  SCALE  OB  BUDUCEID  SCALJIl 

3.  A  knowledge  of  the  available  scales  is  necessary  to  ensure  that  the 
proper  scale  is  used  for  a  particular  job. 


COMPLETE  RESPONSE  3 

LEVEL  B 

(BOX  WOOD)  (PLASTIC  COATING) 

11.  Never  attempt  to  transfer  a  dimension  from  this  scale  fay  placing 
the  dividers  directly  on  the  scale.   It  will  scratch  or  disfigure  the  facing  of 

the  plastic  coating, 

COMPLETE  RESPONSE  11 

LEVEL  C 

(ONE) 

19.  The  units  of  the  standard  engineer's  scale  can  represent  any  i  nit 
of  measure.  For  example,  a  unit  caii  represent  one  inch,  one  mile,  two 
hundred  feet,  oi  three  thousand  feet. 

COMPLETE  RESPONSE  19 
8 


Response  S.  The  draftsaman'  must  be  abie  to  select  the  proper  scale 
for  a    job. 


LEVEL  B 

Eesipoase  11.  By  placing  the  dividers  directly  on  the  scale,  you  will 
 or   the  coating  on  the  scale. 


LEVEL  C 


Response  19.    A  unit  on  the  engineer's  scale  can  represent 
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'^^"■^ 

LE7SL  A 

(PARTICULAR) 

h'    The  four  most  ccsranon  types  of  drafting  scales  sure:  Skigi- 
neer's  scale.  Architect's  scale.  Metric  Seals,  and  the  Graphic 
scale. 


LEm  B 

(SCRATCH)  (DISFIGDHS) 

12.    Mien  cleaning  the  engineer's  scale,  use  only  a  slightly 
dampened  towel  or  cloth  and  rub  softly.    Too  much  water  will  result 
in  the  wood  warping  or  the  plastic  coating  becoming  loose. 


LS7EL  C 

{MY  wht  of  measure) 

20.    Vhen  making  a  measurement  from  the  soale  of  1'^  »  20', 
you  should  select  the  sc;  le  that  has  20  subdivis^.ons  to  the  inch. 


7  ^  ^1 
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ic 


Besponse  4.   The  :  scale,  Architect's  soUe,  ^  

scale  and  Graphic  scale  are  the  four  most  common  types  of  Drafting  scales. 


LEVEL  B 

Response  12.   The  best  way  to  clean  the  scale  is  with  a  

 towel  or  cloth. 


LEVEL  C 

Response  20.    The  scale  that  has  two  full  units  to  the  inch,  has  

subdivisions  to  the  inch. 
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(ENGmBEB)  (BCETSIC? 


LEVEL  A 


5.  When  referring  to  a  drawing  made  to  scale,  the  "scale"  is  uised  to 
indicate  tl^e  ratio  of  the  size  of  the  view  as  drawn  to  the  true  dimensions 
of  the  object 


LEVm.  B 

(SLIGHTLY  DABBPENED) 


IS.  Of  the  six  selections  located  on  the  triangular  shaped  engineer's 
scale,  three  can  t  ?  read  from  the  left  end  and  three  can  be  read  from  the 
right  end. 


(20) 


LEVEL  C 

1 


21.  The  correct  method  to  make  a  measurement  using  the  engineer's 
scale  is  to  place  the  scale  on  the  drawing,  align^the  scale  in  the  direction  of 
measurement  and  mark  with  sharp  pencil  dt  desired  graduation  mark. 


LEVEL  A 

HespoiSiie  S.   The  "scale"     used  to  indicate  the  of  thtj 

size  of  the  view  as  drawn  to  lie  of 

the  object. 


LEVEL  B 

Bespoiu^  IS.    On  til 2  engineer's  scale,  divisions  can  be 

read  from  the  left  end  aad  fn>m  the  right  end. 


LEVEL  C 

Eei»3oniie  21.    After  placing  the  scale  on  the  drawing  and  aligning  in 

the  direction  to  be  measured,  mark  the  point  at  the  desired  

  mark. 
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LEVEL  A 

CBAnO)  (TBUE  DIMENSIONS) 


6.  Enlarged  ac&les  may  be  used  when  the  ^tual  size  of  the  object  iis 
so  small  that  full-size  representation  would  not  clearly  represent  the  fea- 
tures of  the  object. 


LEVEL  B 

(THKKE)  iTHB£l£:) 


14.  The  divisions  containing  the  10,  20,  and  30  units  to  an  inch  can 
be  read  from  the  left  end  of  the  scale,  while  divisions  containing  the  40,  50, 
and  60  units  will  oe  read  from  the  right  end. 


LEVEL  C 

(GRADUATION) 


22.  Successive  measurements  on  the  same  line  should  be  made  with- 
out shifting  the  scale.   This  helps  to  avoid  more  chances  for  error. 


14 


I-EVEL  A 


Bespouse  6*   An  :  view  of  an  object,  shows  the 

object  at  a  larger  scale  than  the  true  dimensions  indicate. 


LEVEL  B 

Response  14.  By  looking  at  the  division  that  contains  50  units,  you 
would  be  reading  the  end  of  the  scale. 


LEVEL  C 


Response  22.    T  >  help  limit  the  chances  for  ,  as  many 

succesisive  measurements  as  possible  should  be  made  without  moving  the 
scale. 


15 
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LEVEL  A 

<EXLAIiGlvl» 


7.    An  engineer's  scale  is  divided  decimally  into  ratios  or  proportions 

of  10,  20,  30,  40.  50,  and  60  parts  of  an  inch. 


LEVEL  B 

(KJCGHT)  ' 


15.  The  scale  is  divided  uniformly  throughout  its  length  and'  is  clas- 
sitied  as  fiiil  -dl\ided. 


LEVEL  C 

EKKOB.S> 


YOU  HAVE  COMPLETED  THE  FRAMES.   AS  A  SUMMARY 
REVIEW  DO  THE  SELF-TEST  ON  PAGES  20  AND  21. 
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LETS.  A 

Response  7.    The  engineer's  scale  ha^  six  ratio  selections; 
they  are  »         ,         ,         ,         ,  and         parts  to  an  inch. 


/ 


LWEL  B 

Response  15-    A  full  divided  scale  ±u  divided  througfaoist  its 


t 


1 


ao,  20,  so,  40,  50,  m) 


8.  T  le  scale  itself  can  be  either  triangular  shaped  or  tiiat  with  square 
or  beveled  edges. 


LEVEL  B 

(LENGTH) 


■I 

16.    Because  the  scales  are  divided  'decimaliy,  the  60  scale,  for  ex- 
ample,  can  be  used  so  that  one  inch  equals  6,  60,  or  600  feet.  J 


* 


YOU  HA\"E  COMPLETEID  TOE  FRAMES.  AS  A  SUMMARY 
REVIEW  DO  THE  SEi^'-TEJST  ON  PAGES  20  AND  21. 
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LEVEL  A 


Bmpomm  S.  The  shape  of  the  scale  can  be  citlier 
or   


GO  TO  FRAME  9,  LEVEL  B,  PAGE  4 


LEVEL  B 


R«^poas4>  16.   The  engineer's  scale  is  divided 


GO  TO  FRAME  17,  LEVEL  C  PAGi:  4 
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'  "132. 


The  following  self-test  is  designed  for  you  to  see  how  much  of  the 
information  you  have  obtained  from  this  booklet  Solve  each  problem 
listed.  If  you  have  trouble  with  any  of  the  problems  the  number  follow- 
ing each  problem  in  parenthesis  refers  you  tc  the  frame  from  which  each 
problem  is  taken.  * 

1.  A  reduced  size  drawing  is  made  because  the  object  is  

to  draw  actual  size.  (6) 

2.  By  having  a  full  knowledge  of  ail  available  scales,  the  draftsman  can 
thea^select  the  scale  for  a   (3) 

3.  The  four  most  common  types  of  scales  are  

 scale,  scale,  ani  

4.  The  engineer's  scale  is  divided  into   divisions.  (9) 

5.  The  divisions  of  an  engineer's  scale  are  ,  ,  ,  _ 

and  parts  tQ  an  inch.  (7) 

6.  The  engineer's  scale  is  usually  made  of  with  a 

 '—.  (10) 

7.  The  engineer's  scale  should  be  cleaned  with  a   

^  clotli  or  towel.  (12) 

8.  The  three  divisions  that  can  be  read  from  the  left  end  of  the  ile 
are   ,   ,  and    (14) 

9.  Tlie  engineer's  scale  is  divided  so  that    units  represent  one 

inch  using  the  50  scale.  (16) 

10.  The  engineer's  scale  is  used  primarily  for  

drawings.  (17) 

11.  Any  unit  on  the  standard  engineer's  scale  2an  represent  

 of  measure.  (19) 

20 


.  scale, 
_  (4) 


12.  To  help  avoid  err'ors,  measurements 
on  the  sane  line  should  be  made  without  shifting  scale.  (22) 


vNOW  DO  THE  PRACTICAL  SELF-TEST  DESCRIBED 
BEGINKING  ON  PAGE  22 
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PRACTICAL  iELF^TEST 


SUBJECT: 

LESSON: 

OBJECTIVE: 


EQUIPmri: 
PECBLEZ'E : 


C-eneral  Drafting 
Engineer's  Scale 

The  fcIloKlag  exercises  are  desired 
for  you  to  apply  the  information  you  have 
learned  Into  solving  problems  that  may  be 
encoimtered  by  a  construction  drai^sisan. 

Engineer Suale^^  pencil  and  paper* 

So-Lve  the  required  action  on  each  of  the 
following  enclosures  as  per  instructions 
below: 

EIJCL0SUR2  ffl 

5y  selecting  the  proper  scale  find  the 
length  of  each  line  drawn.    Place  the 
eq^oi^^ent  length  of  each  line  in  the 
space  provided  at  the  right  of  each  line. 

EIJCLOSUEE  #2 

Take  the  necessary  action  to  complete 
each  of  the  statenents  for  blocks  one 
through  r.ine* 


IICLOSIjEE  #3 


Using  the  sca-L:^  .g'iven,  solve  th'i  given 
pro  clans  • 


co]istbik:tzo!i  Bsu^mm 

USE  OF  THE  ENSIIflER  SCALE 
PRACnCiU.  SXEBCISE 


ESiCLGSURS  #1 


«c*l«  L«Bgtll 


1"«1,000* 


l"-30' 


I'*-4  alios 


1"»500' 


r- 
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MACTICAL  EXEfiase 
EmiNCER'S  SCALE 


EMCLOSURE  #2 


THE  LENGTH  OF  THE 
LONGEST   SIDE  OF 
THIS  OBJECT  iS — _ 


SCALE  1*^%Q' 


THE  LENGTH  OF  THE 
DIAGONAL  LINE  IS  


SCALE    tl*  50' 


TIC  LENGTH  OF  THE 
SHOHTEST   LINE  IS 

SCALE    1*^  200' 


A  8 


|— EOSG— 1 

C  

COPiNEOT  ANSWER  IS 
A   B  


SCALE  1*2000' 


WHICH  LINE  IS  38' 
LONG  f 

A  0 
8  E 

^      SCALE  Ii  GO' 


8 


THE  LENGTH  OF  THE 
FIVE  LINES  ADDED 
TOGETHER  IS  

SCALE  t'MO' 


if  STRAIGHTENED  OUT 
THE  LENGTH  OF  THIS 
LINE  WOULD  BE  

SCALE   I'- 1000' 


8 


B 


FIND  rm  DISTANCE 
BETWEEN  THESE  F'OINTS. 

A  TO  E  -  8  TO  Jd  

C  TO  E  A  TO  0 

SCALE    ill  400* 


TOTAL  LENGTH 
OF  ALL  F0UI9  SIDES 

^  GCALIS  I'VSQO' 

r  . 


A.    Th@  Iflogth  of  the  Uns  in  #1  is  divlddd  into  thr«8  peHs. 
Uaiag  the  sc&l©  of  1"     200»,  find  the  disrbaace  of  line 
ab  «  be  «  cd  and'  the 

total 


Usiiig  the  scale  of  1"  -  3*,  the  dist^e  betieean  point  a  and 
b  equals  . 

The  total  length^ of  line  cd  added  to  ef  equals  '  

Scale:  1"  -  1^00  miles. 


PLANSTABLC  SURVEYIKG 

This  handout  is  intendad  to  aid  p«rsonn«l  in  undtrstaading  planitabla 
i^rocadur«S(  even  thou£ph»  only  a  miniaun  nuobar  of  toxmrnX  hours  of  inatrvo- 
tion  hav«  boan  praaantad  on  tha  aubjact.    It  is  also  intandad  as  a  guido 
for  parsonnal  in  tha  fiald  that  hava  baan  taught  planatabla  pxoeaduraa  but 
hava^  not  had  tha  naad  to  do  thia  typa  of  work  oVac  a  long  pariod  of  tiaa. 

Any  daviation  froK  ths  £unocadursa  sat  forth  hara  will  rastslt  in  dialler 
and  confusion »  to  tha  avaraga  studant,  in  plotting  points  and  finding 
thair  diffarencas  in  alavation.    It  is  advisad  that  aacb  studant  stu^y 
thia  handout  prior  to  attaapting  a  job  in  tha  fiald. 

» 

1,     SETTING  W?  ma  OBlXmtm  TS£  TMSJB 

a.  Four  Staps  in  Satting  Up 

Assxafiing  tha  board  and  tripod  hava  baan  pro^ly  asaaablad, 
the  tishie  is  sat  up  as  follotis: 

(1}    Place  tha  tripod  over  tha  givan  station  so  that  tha 
board  is  approxiJiately  I'avalf  oriented,  ,and  about  iwiat  h^h.    The  lege 
must  be  veil  spread,  and  fisaly  planted  in  tha  ground. 

(2)  Shift  the  entire  bwurd  imtH  tha  station  aa  plotted  on 
the  board  is  approaeiaately  over  the  atat^on  on  the  ground. 

(3)  Sink  filioea  and  tighten  tripod  wi^  j-nuts. 

{4)    With  the  Johnson  Head  upper  ving-nut  looaa,  level  the 
board  by  eye  and  clanp  lightly.    Place  the  alldadu  over  the  center  of  the 
table  and  refine  tiie  leveling  with  the  aid  of  the.  circular  bubble  on  the 
alidade  base.    Hold  the  alidade  with  one  hand  untL'L  leveling  is  ecaplated. 

b.  Orientation  of  che  Teble 

There  ore  several  aethods  of  orienting  the  table,  sosw  of 
which  will  be  discussed  later.    The  principal  Method  ia  backs ighting. 

(1)    Set  the  edge  of  the  alidade  in  aueh  a  poaition  that  it 
passes  through  the  point  of  the  aheet  that  rapreeenta  the  atation  occupied 
and  also  through  a  second  point  that  repreaenta  acsM  other  station  or  sooe 
object  that  can  be  used  aa  a  backsight.    The  backaight  itation  Must  have 
already  been  piotted  on  the  planetablc  aheet.  _ 

CiZi    Rotate  the  board  until  the  line  of  sight  is  directed  to 

the  backsight  and  clangs  the  board  in  the  position  with  the  lower  Johnson 
Head  screw. 


2.     STEPS  IW  IXCATIKG  AHP  gLQCTXNG  Jl  TOIMT 


«.    A  pin  is  imxaally  pXacad  Ia  tht  shMt  v«f»£«Mntin9  the  station 
occupied.    Pl«c«  ths  norkint  sdgc  cf  tha  slidails  against  ths  pin  and  tight 
tbs  alidads  on  any  othsr  point  ubicb  is  to  bs  plottsd  on  tbs  ibsst. 


b.  Obtain  hsight  of  instruMsnt  (HI)  by  sMasuriagr  t^tom  tbs  gzound 
to  .^bs  horixontaX  lins  .oi  sight. 

c.  Ostsxmins  if  a  Xswsi  sight  shot  can  bs  stads. 

d.  ssnovs  parallax  and  foeus  on  rod,  sit  wUSdla  hair  as  asar  to 
ths  HI  on  tha  rod  as  possibXs,  than  turn  tbs  vartical  aotion  soraw  so  that 

ona  of  tha  s^::«dia  hairs  is  in  ooiaoidanea  ifitb  oao  of  tbs  mrnm  fopt  or 
half  foot  marks  on  tbs  rod. 

a.    Bacord  rod  intarcapt  (StadJji  Diftanoa). 

f .  taval  nsawin  Arc  BuM^a  and  turn  tha  vartioal  slow  aotion 
scraw  until  tha  Vartical  Scala  Indax  is  in  axaot  ooincidtmf  with  tha 
naarast  %#hola  Baaaan  Sta^. 

g.  Read  tha  Baaaan  Sti^  and  "B"  scala*  raad  tba  CCX. 

h.  Koltiply  "H"  by  Ilsd  intaTcapt  to  obtain  oerraet  horisontal 

distance. 

« 

i.  Naasura  tha  corractad  distanea  with  tha  Xagiaaar's  Scala  and 
plot  position  along  straight  adga  of  alldada.  Plot  tha  point  obaarvad  as 
a  dot. 

j.    By  tha  tiaa  tha  point  has  baaii  plottad  on  tba  sbaat  tha 
recorder  should  have  tha  alwation  ^■qpatad.  « 

k.    Write  tha  elevation  of  tiie  pc<int  on  tlia  sbaat  tising  the 
plotted  point  as  a  daclsal^    Arrange  all  elevations  and  etbtr  lettering 
so  as  to  read  froa  one  direction. 

3.    MOVING  TO  tag  WEXT  STATIOM  OR  SST-OP 

a.  DpterBine  whether  you  should  aove  to  oext  station  or  to  a 

tenporary  point.  -  j 

b.  When  satisfied  nothii^  sore  can  be  acccxEplivhed  to  next 
station*  sight  back  <m  station  just  occi^ied  and  continue  in  )&m  seaa 
procedure.  / 


(  :  1  • 


hand. 


CAHE  OF  THE  INSTRUHENT 

a.  mvmx  manipulat*  board  without  gfaapin?  Instzuaant  with  <mm 

% 

b.  Always  placa  inatmant  ii»  carryiiKr  cmsa  if  not  in  uaa. 

c.  Hotify  jnatructor  if  thara  is  any  malfunction  of  inatxuMnt. 

d.  Studanta  abouXd  not  makm  any  adjuataant*  thaMsalvaa, 
a.    do  not  put  any  oil  on  any  of  tha  aQvlBg  parta. 


(2)  Abbreviatlona 
S  cation  "^T^ 
Manhole  M*M* 
Culvert  CUUV 
Drop,  inlet  -'O.l, 
Telephone  pole  TEL  POlB 
Headwall  KDW 
Concrete 

Building  BLDdr. 

Eoad        So  • 

Straet  '  6T.  \ 
Highway  HWY 


Grada 
Ground  ^{41? 
Baoch  JHLSk  IB^ 
Taaiporary  baach  aark  X&*M« 

Tunting  point  ^ 
Stake 

Monuaant    )^OM  • 
Spike 
Curb 

Center       O  • 
Centerlina 


3. 


(1)  Symbol* 

-A 

© 

S 


71^ 


Beach  Mrk 

Triangulacioa  stacion 
Scadla  tCatioB 
TrMMit  travftvstt,  scatlon 
All  polM  (indicAtft  typ«> 
Fir*  hydrant 

Han  hoXaa  (Indicate  ■iz«  aod 
eonpoaition  of  covar) 

Drop  ixtl^ti 
Xnatruaant 

Raeordar  (Itotakaaper) 

Bodaan 

Batbad  wire 

C^ckaa  vita 

Cratarlina  of  roada  or 
•traate  (ii^leace  lusa) 


r 


Cul'^art  baadvalle  (iadicata 
•ise  and  covpoaitioa) 

Build inga  (shov  general  ehapa 
end  record  ouabar  and  diaenelons 

Deelduoua  trees  (Indicete 
diaaater) 


Conlferoue  trees  (indicate 
diaoeter) 


4. 
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smf/r  (m  smm      dM0  call 


* 


i. 
4. 


uvwL  M4mJM  SMC  mmut 


9P  MMIl#  Wilfitfr 


comaoamwrmimmar 
wMOLe  mmm  mmnn. 
CMU  mmrw  4f- 


ttartcM  sat£w  mm  - 


y0  ^ 


sm  r  rimpmt  icoKMMt,  cut  cut 
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PROGRAMMEJ  LESSON 


CONSTRUCTION  SURVEYING 


COURSE 


s  *1 


• PLAKETABLE  CONTOURING 


V 


-1  ^ 


t 
( 


OCTOBER  1974 


DEFENSE  MAPPJNG   SCHOOL  -  FORT  BEIV05R,  VIRGmiA 


TO  THE  STOD^ 


This  parograzaoHd  lesson  is  essenti&lly  a  ^rld^ook.    The  lesson 
information  is  broken  into  sm&H  sequ«2tial  units  called  framss^ 

tdtich  enable  70U  to  stake  an  active  response. 

Study*  each  frame  careruH^  and  complete  each  response.  .The 
correct  response  %rill  be  fouM  on  the  page  foUowlog  each  frmm^ 
There  is  no  answer  sheet.    Do  not  proceed  to  the  next  frame  until 
you  have  mastered  all  the  infoimtion  in  the  present  frame.  An 
instructor  will  assist  you  if  the  need  arises. 

This  booklet  is  your  property.    Do  all  your  yrork  in  the  spaces 
proTided.    This  is  not  a  test  and  will  not  be  grsuied.    Moifever^  the 
Practic&l  Exercise  %illl  be  collected  and  evaluated  to  deteroine  hov 
well  you  haTe  met  the  objectives.    The  self -tests  are  designed  to 
sumnarize  units  of  instruction  ami  provide  a  means  whereby  you  can 
measure  how  well  you  are  laanalng  the  infoimtion  and  wiH  not  be 
graded. 

A  total  of  5  hours  is  allotted  for  the  lesson  and  P.E.  Tou 
may  mark  at  your  own  pace.    Begin  with  JVa::ae  yl  on  page  1. 


7-v 
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1S\ 


STATOfEKT  OF  OBJECTIVES 


The  purpose  of  this  lesson  is  to  p-'ovii^e  70U  vfith  the  knowl- 
edge and  ability  required  tc  prepare  ecntcur  naps  ia  the  field. 
In,  a  previous  les4on  you 'learned  the  principles  of  elevation  and 
relief,  some  of  i^ich  are  basic  to  logical  contouring.    This  les- 
aoa  is  desired  to  enable  you  to: 
I.    QEFIKE  A  CONTOUR 

•  1.    Recognize  the  difference  between  elevation  axid  relief. 

2i    List  the  characteristics  of  coatoxar  Haes  (8)* 

3»    Define  the  typ^s  of  contour  lines  • 

4«    Define  contour  interval. 

B.    SKETCH  CONTOURS  ON  A  PLANE  TABIS  SHEET 

1.  Determine  elevations  at  stream  junctions. 

2.  Determine  where  contours  cross  streams  and  sketch  ii  the 
contours . 

3-    Determine  and  sketch  in  ridge  line  locations. 

4.    Determine  where  contours  cross  ridge  lines  and  sketch  in 


ii 


1SZ. 


FRAME  #1 

In  afi^  typs  of  mpplng  it  is  essential  to  inderstaad  the 
difrer<^ce  between  elevation  and  relief. 

The  distinction  is  a  simple  one.    Elemtion  refers  to  the 
hei^bt  of  a  point  above  or  below  mean  sea  level,  while  relief  re- 
fers to  the  general  shape  of  the  ground. 


RE:    The  hel^t  of  &  point  above  or  below  mean  sea  level 
^  i'^^  «    The  shape  of  the  ground  is  its 


Do  elevations  show  relief? 


15-3 


A£SS:    Elevation,  relief,  jes 
FRAME  §2 

A  contour  llnff  is  a  line  on  a  map  that  represents  an  imagi- 
nary line  on  the  jiurface  of  the  earth  along  which  all  points  lie 
at  the  saiBs.  elevation.    Mean  sea  level  is  the  starting  point  or 
"0"  elevation. 


RE: 


Any  line  connecting  a  series  of  points  of 
eqml  elevation  can  properly  be  called  a 
line. 


0 


15*4- 


AMS:  Contour 


FEAME  #3 


Coxstour  lilies  posssac  &l^t  (8)  rundiMBMit&l  cimracterifttics . 
fixrst  thres  of  a^tm  srtf: 

1.    CoKitours  teasl  to  parartlftl  e&ch  'othor  and  teM 
to  parallel  strea»^  or  man  isR&le  fe&t^xres  such 
as  mUron^. 


2.  Contours  never  cross  or  touch  except-  at  over- 
hsiiging  or  vertical  cliffs  and  at  waterfalls. 

3.  Contours,  never  fork. 


J) 


FRiME  #4 


Characteristics  4  ^^od  5 

4.    Coat our 3  form  sEooth  natural  curves 


5»  Contours  always  cl^e  on  theoselves 
either  inside  or  outside  the  Imits 
of  your  mp  sheet. 


^♦f  f'^  »M 


FHAHE  #5 


• 


The  remainins  three  characteristics  az*e: 

6.    Contours  cross  ^t^easls  in  a  "V"  shaped 

«ai-:iBr  point inr;  upstrcMam, 


7.    Contours  fom  &n  "M"  above  stream  junctions, 


8.    Contours  fona  a  "U"  around  ridges,  and  the 
closed  end  of  the  "U"  points  down  ridge. 


ERIC 


"IS'I 


SELF  TEST  #1 


If  3>-ou  ai;3  uncertain  about  &  question  or  cannot  ansvrsr  it^ 
refer  back  to  the  fraaeCs)  iaiic&ted  in  parenthesis. 


1,    Elevation  refers  to  the  of  a 


above  or  beXcw  ma&n  sea  level,  azid  relief  refers  to 

_    (a) 


2.    A  contoiir  line  is  a  on  a  map  that  represents 

an  iinaginary  line  on-  the  surface  of  the  . 

along  which  all  points  lie  at  the      ,  - 

(#2) 


3.    The  starting  point-  froai  which  elevation  is  measured 
is  mean  (02) 


4.    Contour  lines  possess  certain  characteristics.  Ihey 
tend  to  _______  each  other  and  ______  stresxas. 

They  never  ■  or  forit.    They  tend  to  fojm 

.    curves  and  always  close,  on 

themselves .  i 


5,    When  we  think  of  contour  lines  in  relation  to  ridges, 
streams,  and  stream  junctions,  we  think  of  the  letters 
 ,   ,  and  .  (#5) 
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FRAKS  #6  - 

Thare  are  two  ba^ic  types  of  contour  lines, 
are  the  first. 

Xodex  coEitours,  the  "k^"  type,  are: 

broken  to  allci^  insertiun  of 
cdev&tion  values,  ojad 
3.    ft  aafi  every  fifth  C^tU)  line. 


JKHEI  Contours 


^  RE:    The  "key"  type  of  contour  line  is  the 


contour.'   It  is  easily  noticed  because  it  is  a 

•        line  wei^t  atKl  is   .  to 
allow  insertion  of  elevations. 


RE;    This  is  a  typical  nap  sbaet.  v  The  heavy  lines 
are  the  Index  contours.    What  is  missing 
here? 


7 
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ANS:    Index^  hoavy,  .broken 

Broken  indax  contours,  elevation  values  ' 


FRAME 


Intenaedlatti  contours  are  the  second  type  aod  are: 
1.    show  in  a  li^t  line  wel^t  and 

EEs    Inteamadiate  contoars  can  b«  dist?jxgui5heci  frcaa 
IiMiex  contours      their  line  wei^t  auid 

the  fact  that  th^  are   *  \ 


RE:    Miich  (A  or  B)  is  the  intermediate  contoiir?  

NOTE:    There  is  one  ressaining  typi*  of  contour  line.  It 
is  calleii  a  supplementary  contour .    It  occurs  as 
a. light  series  of  dashes  and  is  useful  where  the 
ir^ex  and  intermediate  contours  do  not  show  the 
elevation  and  relief  as  accurately  as  may  be 
needed. 


8 


/ 


AlISi  "A' 


FHiME  m 

I* 

Qn  arj^  contour  oap  w«  refer  to  the  verxical  distance  between 

contour  liiies  as  the  contoiir  intervsl.  The  contour  Interval  is 
imimTly  given  in  whole  even  mtBSbi^s  such  as  20,  50,  100,  or  500'. 

HE:    l^i©  contour  interval  is  the  ciistance 

between  contour  linea.    Xt  is  usually  fouoci  ox- 
pressed  as  a   .  nmaber. 


ERIC 


AKS:    Contour 'IntefTval  is  10'. 


mm  #9 

Ccaapilation  of  a  contour  mp  normally  r©quire*f  &  groad  d«U. 
of  tim  (weeks  or  months).    In  field  situaticms  vmer©  speed  is  the 
important  factor.  Logical  contouring  can  b«  u»©d  with  relatively 
little  sacrifice  of  accurac^^. 


A. 


surveyor 


spot 
elevations 


field 
compiler 


contour 
map 


B. 


Aerial 
photos 


drafting 

room 


survey 
team 


spot  elev.  & 
level  lines 


final 

edit 


base 

compilation 


□ 

□ 

•1 

4 

reproduction  Tppo  Hap 

RE.    Which  (A  or  B)'  best  depicts  field  compilation  of  a  map' 

"  ■;".-:<  ■ 

10 


AKS:  ''A" 


FRAME  #10 


Lo0.cal  ecxitouring  l&  basMi  bn  the  assumption  tiuit  all 
slopes  ir«  uaiform  (the  ground  rises  and  falls  evenly)  •  This 
diarogards  soma      natures  lrrtt;gularities.    Logical  contouring 
d«p«nds  mora  em  what  the  slope  vcujxi  be  If  there  were  only 
tgrm.    changes  between  tuo  or  more  points* 


REs    The  process  of  logical  contouring  is  based  on  the 
asaisftption  that  all  slopes  are  i   This  dis- 

^  regai^is  son»  of  natures  »' 


Draw  a  line  connecting  these  points 
indicating  the  type  of  slope  assumed 
in  logical  cors touring. 


7Qi  11 


143 

hNS:    unifora,  irregularities 


FiUME  #11 

Logical  contouring  peraiits  sketching  of  contours  from  field 
notes       We  can  rely  on  the  assumption  of  uniform  slopes  if  the 
survey  team  furnishes  us  with  a  spot  elevation  at  ^ch  point 
where  there  is  a  significant  change  in  slope  such  as  the  crest  of 
a  hill  or  a  stream  bad. 

From  field  notes,  existing  maps,  aerial  i^otos, 
city  or  town  property  sheets,  or  from  knowledge  , 
gained  from  area  residents. 


1  \. 

.82  y  ] 

.81  '■ 

.69  ^,  73 

.  61  ^ 

^9       .  53 

r  n 

Surveyors  Plane  Table  Sheet 


RE:    For  the  concept  of  unifonn  slopes  to  be  valid ^  the 

survey  team  must  provide  us  with  a  

wherever  a    of  occurs  p 


12  ^ 


il 

AKS:    spot  elevation,  change,  slope 

«  ^ 

SELF  TEST  #2 

]|<£&ni&  each  of  the  features  shown  on  the  sheet.    If  you  are 
uncertain  about  a  feature,  refer  back  to  the  frame  indicated  in 
parenthesis.  ^ 


Ihere  are  5  steps  to  follow  in  logical  contouring. 

STSF  H.    Determine  tho  elevation  at  alX  stroam  jtmctions. 

HEAD  CAEEFOHJ  ~  WQEK  SUMJ 


With  dividers  or  engineers 
afcale^  stxoaiE  Junction  ''c*'  "was 
deteminad  to  be  2/3  the  str^a 
distaxice  bet^wweii  points  "a"  and 
"b".    The  total  d,1  f  ference  in 
election  is  60'  (120-60).  2/3 
of  60  »  40,  so  the  elevation  of 
"c"  is  said  to  be  60  +  40  or 
WO  feet. 


1.  Determine  the  elevation  at  streaaa  Junction  "a" 

2.  Plot  the  elevation  at  all  stream  junctions  on  yowr 
vfoi^  sheet,  page  22.- 


7  '/ 
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FRAME  #13 


SlEP  ^   Locate  the  points  whare  the  contours  cross 
the  streass.    Rcsraber  to  round  out  the 
point  of  the  '^"s. 


^^TOT^  


Contour  Interval  20* 


/' 

Points  "a"  &Dd  "b"  are  given. 
"Hie  contour  interval  is  2D'. 
13ie  20'  contour  can  bo  draun 
i  the  distance  between  "a** 
and  "b." 

Look  at  str€^  b-<i.    Th&  ' 
vertical  distance  is  80**  ¥e 
can  break  the  line  into  8 
equal  parts  of  iO»  each.  The 
next  bi%ak  above  point  "b"  will 
be  at  40 ' .    A  contour  lim  will 
cross  here  aiKi  at  every  other 
break  (i.e.  every  20'). 


1.    Locate  the  points  where  contours  will  cross  the 
streaa  b-c. 


2.    On  jour  work  sheet,  locate  the  points  where  contours 
will  cross  all  the  streams. 


1 


Contour  Interval  2Q^ 

FRAME  #14  ' 

STEP  ^    Sketch  in  the  ridge  lines. 

Streams  are  generally  separated  "by  areas  of 
higher  elevation  for  a  swamp  or  lake  vrould  be  prescint)^ 
Ridge  lines  are  sketched  in  by  running  a  dashed  line 
throu^  the  spot  elevations  (which  indicate  the  crest 
of  a  ridge  between  the  streams)  starting  at  the  streaia 
junction  and  continuing  throu^  the  last  elevation 
given.    See  Figure  -1. 


! 

•  700 

•  765 

.  650  \ 

.  

/' 

Fig.  1.    Sample  ^^S-  ^ 

1.  In  Figure  2,  above,  sketch  in  the  riage  lines. 

2,  Sketch  in  all  the  ridge  lines  on  your  work  sheet 


16 


AKS: 


FRAME  #  15 


STEP  #4    Locate  the  points  where  the  contours 
cross  the  ridge  lines. 

This  step  is  accoaplished  In  the  same  icanner 
as  Step  2  prescribes.    In  Figure  1  the  vertical  difference 
between  spot  elev&tions  is  60'.    Divide  the  line  into  6 
equ^  parts  (10'  each).    A  contoiir  line  will  go  throu^ 
each  spot  elevation  and  through  each  of  the  breaks  in 
the  line  between  them. 


Fig.  1.    Contour  Int.  ID' 


Fig.  2.    Contour  Int.  50' 


1.    In  Figure  2,  draw  a  ridge  line  between  the  spot 

elevations,  and  show  where  each  contour  would  cross 
this  line. 


2-    Following  the  above  procedure ,  locate  the  points 
where  contours  cross  the  ridge  lines  you  sketched 
in  on  your  work  sheet . 


17 
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AKS: 


FRAME  #16 

STEP  #5    ')ravr  contours  by  connecting  points  of 
equal  elevation. 


^(^^  — 

760 

-760  780 

760 

/760 

*^7S0  / 

1 

\760 

^760 

is.    But  don't  be  satisfied  with  this  alone.  See 
how  frajre  18  and  19  help  you  to  understand  this 
step. 


IS 


FRAME  #  17 


Figures  1  ajid  2  show  jou  what  an  iaaxperiemced 
cooLpiler  )«ouM  do.    Of  course  you  would  not  do 
this  since  you  kitow  this  violates  t|is  assumption 
of  "uiLLform  slopes."    Fran©        will  show  you  the 
ri^t  wajT  to  drftM-  in  the  contour  lines. 


Fig.  1  Fi^.  2 


NO!  HO! 


19; 


.  ■  nil 

FRAME  iJB 


Look  at  the  figure  below.   Tou  wulci  connect  the  943'  ^  ' 
817'  spot  elevations  with  a  line.   beteniOne  how  many  contsjura 
will  be  tirawn  beti«tea  these  spot  elevations.    Then  divide  the 
line  so  that  the  contours  passing  between  these  spot  elevations 
will  be  eveni^  spaced. 


Conto\ir  Interval  20' 


Do  this  on  yo\ir  wrksheet,  between  all.  spot  elevations 
where  contour  lines  wiH  be  di*H.wn. 


20 


"112. 


FRAME  #19 

Vihesi  comiectisig  points  of  equal  el«T&tim  on  &  pOLane  tablii 
sheet,  you  will         ther«  is  oa^r  oi»  W  a  coatour  line  c*n  go. 
In  Figure  1,  tiiere  is  oaljr  one  place  you  can  tii«*f  the  405*  contour 
once  it  has  reached  point  "I",  and  that  is  betiire^  the  404  and 
407'  points. 


1.  In  Figure  2,  can  you  finish  drawiag  the  410'  contour 
that  we  h^e  alreac^y  started  for  you? 

2.  You  are  xusw  ready  to  coaplete  your  worksheet.    Draw  in 
all  the  oontours  (iiuiejc  and  intermediate),    l^m  you 
have  finished,  erase  all  guidelines  and  have  the 
iostructpr  check  your  work» 


Sn.j  21 


X  Bowr 


rv 


iffi  FtneiX 

PlTldcrs  mad/or  ItaglxiiMrs  Se«l» 

Tott  wHX  work  iiadiTMaiOlar  At  yowr  «<n  tiOjuL**. 

cluck  TXMcr  Mork. 


To\£  «r«  rttqutred  to  cGon»ct  tli»  poii£ta  of  •qiml 

Kttii^  8«t  forth  in  tbe  lAaaoa.  ^Auoai  you  hmm 
ecai|aftt«d  tho  shMft;,  luund  it  to  tlMi  Iwtrw^. 


fosm^  as  wftXl  «i  tb»  &iqfil^aifcti&tt  of  th»  «i^t,. 
(g)  eMnu£t«cristies  of  costourv,  will  b«  cii^ckiMi 
la  tlw  omluAtiozi  and  eroding. 


CBin^i      A  critique  vUl  be  huld  iolXoviiig  th9  to 

correct  xistakes  uad  aQIow  for  sujsgestio&s  in 
artdui  thouitt  to  nsed  ijtproTmttrt. 


f 

RS:    A  vertical  aerial  rtoto  is  not  a  profile  view. 
Thi3  is  because  it  is  not  a  '  view. 


&'•■/ 


2U 


AKS:  Side 


FRAME  i2 


k  iiroflLa  can  he  constructid  froat  Assr  colstour  map.  4 
prof iX©  c«n  or3sF  b«  constructed  along  a  straijl^t  If  w 

de«5ir«  to  show  the  profile  of  a  currecl  road  ^  streaM,  Wi  miat . 
^«  *  3ftrig«s      prof  ll<Ni  each  of  wiiich  is  coaotmcted  along  a 
atrai^t  line. 


Any  of  these  strai^t  Hues  (AB,  CD,  DS,  FG)  im  a 
line  along  which  a  profile  can  be  constructed. 


r-i'-i 


FRAME  #3 


Ihere  are  6  sireple  steps  to  follow  when  construe  ting 
a  profile. 

51EP  ffX   JiruM  a  line  along  the  are£ 
you  wish  to  profile* 


EXAMPLE 


Do  this  bet-ween  points  M  and       on  the  woH<- 
sheety  page  22. 


26 


ERIC 


FRIXS  #4 


STSUB  #2  Mak9  a  zioto  of  the  hi^liest  and  lowest 
contours  (in  texm  of  fmt)  th&t  your 
protilm  line  erossoa. 


1.  The  hlgjiest  contour  line  that  laiie  "a"  above 
oroaees  has  a  value  of  130 ' ,  and  the  lowest 

J  line  it  crosses  has  a  value  of  50 ' , 

2.  The  hi^est  contour  that  line  "b"  crosses  is 

at   '  and  the  lowest  contc  ir  line  it  crosses 

is  at   


3.    Determine  these  values  for  lin's        on  yoiir 
worksheet . 


f 


AHS:    IiiO<  is  the  hl^&st  cent  cur  sad  50*  i3  the  loved  t  contour. 


FRAKE  i5 

NOTE:  Ccaaplete  e&ch  portion  of  Step  #3  oa  yom*  worksheet. 
Step  #3 

a)    Construct  a  box  within  which  your  profiLs  vili 
be  drawn.    The  box  will  be  as  wide  as  ^ur 
profile  line  is  iDng.    Bo  this  o'  a  clean  sheet 
of  paper. 


Profile  Line 


Profile  Box 


b)    There  will  be  a  horisontal  line  in  the  box  for 
^ch  contoiir  value  the  profile  line  crosses. 
Space  the  lines  evenly.  —  .just  naaeraber,  the 
^.^  wider  the  spacing  the  greater  the  vertical 

exaggeratica. 


28 
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step  ffk 

&)    AaaisQ.  a  contour  value  to  each  line  in 
the  box. 


 ^120 

;  ..nD 

I  ^  UDO 

,  

 _70 

  60 

 __,50 

This  will  give  you  rooa  to  rouixl  out 
the  hills  ajud  valleys. 
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FRAME  m 


STEP  #5   Drop  perpeiKliciiXars  from  the  intersection 
of  each  contour  lii-e  with  the  profile  line 
to  the  line  of  corresponding  value  in  yoiir 
profile  bo3£- 


30 


FRAME  #8 


1 


STEP  #6  Draw  the  profile  byN:oimecting  the  points 
with  a  sBtooth  n&turaX  cunre. 


i 


* 


•  C 


Complete  your  profile  for  line  M-H^  •  lidhen  you  have 
finished,  have  the  instructor  check  your  vrork* 
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PROGRAMMED  LESSON 


LOGICAL  CONTOURING 
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DEFENSE  MAPPING   SCHOOL  -  FORT  BELVOIR,  VIRGINIA 


ERIC 


S 1  'j 


TO  THE  STIJDSNT 


This  progwanmed  lesson  is  essentiali^  a  workbook-    The  lesson 
infoimtion  is  broken  into^^Enall  sequential  units  called  framos,  wisicb 
easable  ycu  to  laake  an  activd  response. 

study  each  frame  carefully  and  conpjete  each  response.    ThQ  correct 
responses  will  be  found  on  the  page  following  each  frame.   There  is  no 
answer  sheet.    Do  not  proceed  to  the  c^xfc  frmm  until  you  have  mastered  ^ 
all  the  infonaation  in  the  present  firame.    An  instructor  will  assist 

yxju  if  the  need  arises. 

This  booklet  is  yrnr  property.    Do  all  ytsur  work  in  the  spaces 
proviiied.    This  is  not   a  test.    However,  the  Practical  Sicercise  will  be 
collected  and  evaluated  to  determine  how  well        have  loet  the  objectives. 
The  self-tests  are  designed  to  smmaarise  units'  of  instruction  and 
provide  a  means  wh^eby  you  can  measure  how  well  you  are  learning  the 
infomsation.    You  may  work  at  your  own  pace.    Begin  with  Frame  #1  on 
page  1. 


STATEKSBT  OF  03JE:TI?ES 


The  purpose  of  this  lesson  is  to  provide  you  with  the  knowledge 
and  ability  required  to  prepare  contour  laaps  in  the  field  using  the 
logical  contouring  procedure*    Thia  Is^aon  is  designed  to  e^ble  you  to 
A.    DSFDSE  A  CQNTODR 

1  •    Recognise  the  difference  between  elevation  and  relief* 

2m    List  the  charactcai-stics  of  contoxir  lines  (8)# 

3.    Define  the  types  of  contour  lines* 

1|.    DefSne  contour  interval* 

SKETCH  COTTOURS  CN  A  PLANS  TABLE  SHEET 

1  *    Determine  elevations  at  stream  junctions. 

2*       ^-.ermine  where  contours  cross  streams  and  sketch  in  the 
coiitours. 

3,    Determine  and  sketch  in  ridge  line  locations* 
ii«    Detennine  \«Siere  contours  cross  ridge  lines  and  sketch  in 
the  contours* 


FRAME,  #1 

In  acy  type  of  mapping  it  is  essential  to  understand  the 
difference  t?etween  elev&tion  and  relief. 

The  distinction  is  a  simple  one.    Eievaticaa  refers  to  the 
hel^t  of  &  point  above  or  below  sasan  soa  level,  whUe  relief 
fers  to  the  general  ahape  of  the  ground. 


RE:    The  hei^t  of  a  point  aixjve  or  below  mean  sea  level 
2^  its   .    The  shape  of  the  ground  is  its 


Do  elevations  show  relief? 


i 


AlB;    Eiavation,  relief,  y«s 

mm.  §z 
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A  contour  line  is  &  liao  on  a  asp  that  represents  an  ijjs^- 
nary  liae  oa  the  aiirf ace  tt  the  earth,  along  which  ail  points  lie 
at  the  sasw  elevation.    Mean  sea  level  is  the  starting  point  or 
"0"  elevation. 


r 


REAL  CONTOUR 
LINES  ON  MAP 


ANS:  Contour 


18 


Cootour  lints  possAss  tl^t  (8)  frmoiKBiantal  ch&rftctttriartiee. 
Thti  first  thr»3  of  ti»»«  ar«: 

I.    Cootours  tead  to  pflo^i-LXal  ek&ch  otlier  and  tood 
to  {AZ«lleI  stjr«aBtt«  or  tt&a  aftde  f  o»tur«»  5uch 


2.  Contours  never  cross  or  toiwsh  except  at  over- 
h&ngljsg  or  vertical  cliffs  and  at  waterfalls. 

3.  Contours  never  foric. 


t 


ERIC 


Character ijitlcs  4  5 

4*    Coat  ours  foim  sonDoth  imtiir&l  curves^, 


5.    Contours  always  close  on  th^aaaives  ' 
either  inside  or  outside  t^e  lizdts 
of  your  map  sheet. 


FHiME  #5 

ISie  r«B&imn£  three  characteristics  ar«: 

6.    Contours  cross  atrefios  in  a  'HT**  sb&ped 
BKUvr  pointin/g  m»tr«aa. 


7,    f^ontoiira  fom  an  "M"  above  stream  junctions. 


8.    Contours  form  a  "tJ"  aro\ind  ridges,  \aad  the 
closed  end  of  the  "U"  points  ciovm  ridge. 


500 


S 


SELF  TEST  #1 


II  70U  are  uncertain  about  a  question  or  cannot  answier  it, 
ref.3r  b^ck  to  the  frameCs)  iiKiicated  in  paranthesis* 


!•    Eleyation  reTers  to  the  of  a 


above  or  balow  ix^an  sea  level,  and  relief  refers  to 

  (a) 


2.    A  contour  line  is  a   on  a  map  that  represents 

an  imaginary  line  on  the  surface  of  the 

alon^  lAich  aH  points  lie  at  the     

(#2)   


3-    The  starting  point  from  wh-.ch  elevation  is  measured 
is  mean  (r2) 


Contour  lines  possess  certain  characteristics.  They 
tend  to  each  other  and  streams* 

They  never    or  fork.    They  tend  to  form 

 ^  cur\"es  and  always  close  on 

themselves . 


When  we  think  of  contour  lines  in  relation  to  ridges^ 
streams,  and  stream  junctions,  we  think  of  the  letters 
 ,   and   .  (#5) 


ERLC 
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FR  S  #6 

Thez*e  are  two  basic  types  of  contour  lines.    IHEI  contoiirs 
are  the  Tir^jt. 

lud&x  contours,  the  "key"  type,  axe: 

1.  shown  in  a  heavy  line  wei^t, 

2.  broken  to  allow  insertion  of 
elevation  values,  and 

3.  found  every  fifth  (5th)  line. 


RE:    The  "key"  type  of  contour  line  is  the   

contour .    It  is  easily  noticed  because  it  is  a 

^   line  wei^t  and  is   to 

allow  insertion  of  elevations. 


t 


ANS:  ^  Lidex^,  heavy,  broken 

Broken  index  cuiitoiirs,  elevation  values 


FRAME  07 


Intermediate  contours  are  the  second  type  ar^i  are: 
!•    shown  in  a  li^t  line  weight  and 
2.    seldom  broken. 

HE:    Intermediate  contourts  can  be  distinguished  from 

Index  contours  by  their  line  wei^t  aiKi 

the  fact  that  they  are  « 


RE:    Which  (A  or  B)  is  the  intermediate  contour?  

NOTE:  There  is  one  remaining  type  of  contour  line.  It 
is  called  a  supplementary  contour.  It  occurs  as 
a  light  series  of  dashes  and  is  useful  where  the 

elevation  and  relijif  as  accurately  as  may  be 
needed, 

8 


ANS:  "A 


FRAME  §B 

On  any  contour  map  \m  refer  to  the  vertical  distaiice  between 
contour  lines  as  the  gontour  interval.    The  cont'-ur  interval  is 
xisually  given  in  whole  even  numbers  such  as  20,  iA),  100,  or  500 ». 

RE;  The  contour  interval  is  the  distance 
between  contour  lines.  It  is  usuaB^v  found  ex.- 
poressed  as  a    nuiaber. 


EIAMFLE 


Contour  Interval  ^* 


RE:    The  contour  interval  on  the  map  sheet  below 
is  how  many  feet?  


ANS:    Contour  Interval  is  IDS 


FRAME  #9 


Compilation  of  a  contour  map  normally  requires  a  gro&d  doal 
of  tiae  (weeks  or  ninths).    In  fiela  sitiiations  i^ere  si>eeQ  i»  the 
important  factor,  logical  contouring  can  be  used  with  relatively 
littls  sacrifice  of  accuracy. 


A. 


f7 


surveyor 


spot 
elevations 


field 
compiler 


contour 

map 


Aerial 
photos 


drafting 
room 


survey 
team 


A 

spot  elev.  & 
level  lines 


final 
edit 


base 
compilat  ion 


□ 

m 

□ 

reproduction  Topo  Map 

RE.    Which  (A  or  B)  bert.  depicts  field  compilation  of  a  map? 

^  7 
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AKS:  "A" 


FHAME  #10 


Logical  contoiiririg  is  based  on  the  assuraptaon  that  all 
slopes  ar«  unifom  (the  ground  rises  and  falls  evenly).  This 
disregards  sotne  of  natures  irreg\ilarities.    Logical  contouring 
depends  more  on  what  the  slope  wmj-d  be  if  there  were  only 
even    changes  between  two  or  more  points. 


RS:    The  process  of  logical  contouring  is  based  on  the 
assiwjption  that  all  slopes  are  «    This  dis- 

regards some  of  natures  « 


Draw  a  line  connecting?:  these  points 
indicating  the  type  c:'  slope  assumed 
in  logical  contouring. 


11 


AUS:    unifom,  irregularities 


FRAME  #11 

Logical  contouring  permits  sketching  of  contours  from  field 
notes.*    We  can  rely  on  the  assumption  of  uniform  slopes  if  the 
survey  team  furnishes  us  with  a  spot  elevation  at  e£.ch  point 
where  there  is  a  significant  change  in  slope  such  as  the  crest  of 
a  bjTl  or  a  streaa  bed. 

*  From  field  notes,  existing  maps,  aerial  photos, 
city  or  town  property  sheets,  or  frcm  knowledge 
gained  f rom  ar&a  resideats. 


Survey- rs  P"! anf  Table  Sheet 


RE:    For  the  concept  of  uniform  slopes  to  be  va.id,  the 

survey  team  mui  t  provide  ug  with  a  

wherever  a    of    occury. 


ANiS:    spot  elevation,  char*ge,  slope 


SELF  ThiT  #2 

Kame  each  of  the  features  shewn  on  the  sheet.    If  you  are 
uncertain  about  a  feature,  refer  back  to  the  frame  indicattsd  in 
parenthesis. 


1^ 


FRAME  #12 


There  are  5  steps  to  follow  in  logical  contouring. 

STEP  01.    Determine  the  elevation  at  all  stream  jxmctions. 


RS^  CAREFUIXr  -  WQHK  SLO^flZf 

With  dividers  or  engineers 
scale,  stream  junction  "c"  was 
determined  to  be  2/3  the  stream 
distance  between  points  "a"  and 
"b".    The  total  dil'feiience  in 
elevation  is  60 «  (120-^).  2/3 
of  60  =  40,  so  the  elevation  of 
"c "  is  said  to  be  60  +  40  or 
100  feet.  J 


1.    Determine  the  elevation  at  stream  junction  "2" 

Plot  the  elevation  at  all  stream  junctions  on  your 
work  sheet ,  page  22. . 


1  /, 
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Approxisaately  90' 


FRAME  #13 


STEP  #2    Locate  the  points  where  the  contours  crc.'S 
the  streams.    Remember  to  round  out  the 
point  of  the  "V"3. 


Contour  Interval  20' 


Points  "a"  and  "b"  ara  given. 
The  co^atour  interval  is  20 ' . 
The  20^"  contour  can  be  dravoa 
i  the  distance  between  "a" 
and  "b . "  ■  » 

Look  kt  stream  b-d.  The 
vertical  distance  is  SO ' .  We 
can  break  the  line  into  8 
equal  parts  of  10'  each.    The  *  . 
next  break'  above  point  "b"  will 
be  at      ' .    A  contour  line  will 
cross  here  and  at  every  other 
break  (i.e.  every  20')* 


1.  Locate  the  points  where  contours  will  cross  the 
stream  b-c . 

2.  On  yom-  work  shee~.,  locate  thr  points  where  contours 
will  cross  all  the  streams . 
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9^: 


\ 


40' 


Contour  Interval  20' 

FRAME  #14 

STEP  ^    Sketch  m  the  rid^se  lims. 

Streams  are  generally  separated  by  areas  of 
higgler  elevation  (or  a  swsMp  or  lake  wouli  be  present). 
Ridge  lines  are  sketched  in       running  a  da  shea  line 
throu^  the  spot  elevations  (which  indicate  the  crest 
of  a  ridge  between  the  stx*e&as)  starting  at  the  streaoi 
junction  and  continuing  through  the  last  elevation 
given.    See  Figure  1. 


•  8A4 

( 

•  700 

.765 

•  650  \ 

L  

/ 

- 

Fig.  1.  Sample 


Fig.  2 


1.     In  Figure  2,  above,  sketch  in  the  ridge  lines. 
:\    Sketch  in  all  the  rid^^e  ILnes  on  your  work  shc  t. 
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Soz- 


FRAME  #X5 


STEP  #4   Locate  the  pints  where  the  contours  " 
cross  the  ridge  lines, 

ThiB  step  i3  acccmplished  in  the  same  manner 
a3  Step  2  preseriLs.    In  Figure  I  the  vertical 

-i_,^4;.x^„^  4^  Ant      Divide  the  lin©  into  o 
between  spoti  elavationB  is  ou  .  i/ivx^c? 

(10'  each).    A  contour  line  ^^^^f 
each  3^  elevation  and  throu^  each  of  the  breaks  in 
the  line  between  them. 
— ^  —   t  • 


Fig.  1.    Contour  Int,  10' 


Fig.  2.    Contour  Int.  50 


1      In  Figure  2,  draw  a  ridge  line  between  the  spot 

elevations,  and  show  where  each  -contour  woiad  cross 
this  line, 

?  Following  the  above  procedure,  locate  the  points _ 
where  contours  cros^;  tnc  rid^e  lines  you  sketc-rc-u 
in  on  your  work  uheet . 


17 


ANS: 


FRAME  #"16 


STEP  #5    Draw  contours       co.rmecting  points  of 
eqiial  elevation. 


760^ — 

760 

^760 

7S0 

760 

i760 

^780  / 

I  780/ 

78C 

/  #760 
/78C  / 

\760 

/^760 

Thiii  coundG  like  a  veiy  easy  step.  It 
in.    But  don't  be  satisfied  .tfith  this  alone.  See 
how  frame  18  and     '  help  ycu  to  underiitand  thi:; 
step. 


v..  n 


IE 


mm  H'l^j 


Figures  1  and  2  show  70U  what  an  inexperienced 
compiler  would  do.    Of  course  ^ou  would  not  do 
this  since  you  know  this  violates  the  assumption 
of  "uniform  slopes."    Frame  #19  will  show  you  the 
ri^t  way  to  draw  in  the  concur  lines.  ^ 


FRAME  0:B 


Look  at  the  figure  below.    You  would  connect  the  943*  and 
817*  spot  elevations  with  a  line*    Determine  how  many  contours 
Will  be  drawn  between  these  spot  elevations.    Then  divide  "Che 
line  so  that  the  contours  passing  between  these  spot  elevations 
will  be  evenly  spaced. 


943 


Contour  Interval  20' 


Do  this  on  your  worksheet,  between  all  spot  elevations 
where  contoiir  lines  will  be  drawn. 
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FRAME  #19 

connecting  points       equal  elevation  on  a  plane  table 
sheet,  you  will  find  there  is  oaSy^  one  way  a  contour  line  can  go. 
In  Figure  1,  there  is  only  one  place  you  can  draw  the  4D5-*  contour 
once  it  has  reached  point  "X",  and  that  is  between  the  404  and 
407'  points. 


Figure  1  Figure  2 


1,  In  Figure  2j  can  you  finish  drawing  the  410'  contour 
that  we  have  already  started  for  you? 

2.  You  are  now  ready  to  complete  your  woitoheet.    Draw  in 
all  the  contours  (index  and  inteimediate} .  .  ^When  you 
have  finished,  erase  ail  guidelines  and  hav»  the 
instructor  check  your  work. 


ERIC 


Contour  Interval- 10  Feet 
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KSTHOQ: 


c 


4H  Peacil 

PrftctlosLl  Ssepcisa  Slie«t 
DiTiders  siKi/or  ^s^^iiiisers  Sc&le 

Tou  will  work  liaiiTiitually  at  ytsur  owa  tables. 
Imtructors  will  b«  presemt  to  assist  you  and 
check  your  work. 

lou  are  roquipod  to  comect  tiie  points  of  equal 
eltsYation  iseping  in  mind  the  principles 
aothods  set  forth  in  the  lesson,    ^en  you  have 
eoaiiLBted  the  she^,  hand  it  to  the  instructor. 


Accuracy  of  ALL  wrk,  line  weight,  neatness,  and 
fOTK,  as  well  as  the  application  of  the  ei#it 
(S)  characteristics  of  contours,  will  b©  checked 
In  the  eraluation  and  gradlxig. 


CEITIQIIE:       A  critique  will  be  hold  follow  ing  the  PE  to 

correct  mistakes  azxi  ajlow  for  siusgsstions  in 
areas  thoufh^  to  need  imi^roT^usnt . 
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PBCFILSS 


FRAME  #1 

A  profile  is  a  aid©  view  of  a  portion  of  the  ^rth  along  a 
line  botwem  tin  poi-^ts. 


EUn  View 


1 


Profile 
7iew 


RS:    A  vertical  aerial  piioto  is  not  a  profile  view. 
This  is  because  it  is  not  a   ^  view. 


o 
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AKS;  Sljde 


FRAME  §2 


A  sa^file  can  be  coastnictod  trtm  any  ccsatour  map.  A 
profile  can  owly  bo  ccmatructed  ft  long  &  strai^t  line-    If  we 
desire  to  show  the  profile  of  a  curbed  road  op  sti^,  *w  ml 
use  a  aeriea  of  profile  igsh  of  ^ch  is  constrttcted  alsaig  a 
strai^t  line. 


Ai^  of  these  strai^t  lines  (AB,  CD,  DE,  FG)  is  a 
line  along  which  a  profile  can  be  constructed. 


25 


8 


FRAME  #3 


There  are  6  simple  steps  to  follow  when  constructing 
a  profile* 

SIEP  #1    Draw  i  line  along  the  area 
you  Vish  to  profile. 


1 


Do  this  bet-ween  points  H  and  M'  on  the  work- 
sheet, page  22. 
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FRAME  #4 


STEP  #2  Make  &  note  of  the  higjiost  arsd  ioweat 
coatoyirs  (in  terms  of  feet)  that  your 
profile  line  crosses. 


o 


1.  The  highest  conuour  line  that  lone  *^a^^  above 
crosses  iias  a  value  of  130  ^  ^  and  the  lovreat 
line  it  crosses  has  a  value  of  50*, 

2.  The  highest  contour  that  line  ^'b^*  cresses  is 

at   ^  aM  the  lowest  contour  lir    it  crosses 

iB  at  * . 


3.    Determine  these  values  for  line  MM^  on  your 
worksheet • 
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Si 


8l3 


c 

AUS:    iWD'  is  th«  higjbiest  contoiir  and  50'  ia  th©  lowest  contour. 


FRAME  #5 

NOTE:  Complt^te  efi.ch  portion  of  Step  #3  on  your  workshoeft. . 
Step  #3 

a)    Construct  a  box  within  which  your  profile  will 
be  dr&wi.    The  box  will  be  as  wide  as  your 
profile  line  is  long.    Do  this  on  a  clean  sheet 
of  paper. 


Profile  Line 


Profile  Box 


b)    There  will  be  a  hcriisontal  line  in  the  box  for 
each  contour  vaJ.ue  the  profile  3Jiie  crosses. 

Space  the  lines  evenly  Just  rei-ember,  the 

wider  the  spacitig  the  greater  the  vertical 
exaggerat  ion . 


IS 


FRAME  ^ 


Step  ffU 


a)    Assiga  a  contour  value  to  each  line  in 
the  box. 


HQ 

100 

90 

60 

70 

60 

50 


O 


b)    Kimber  the  top  aiKi  bottost  line  of  the  box 
with  the  next  hi^est  aiKi  lovrrfSt  contour 
Talue. 


120 
110 
IDQ 

90 
80 
70 

.60 
50 


"Hiis  will  give  you  rotm  to  roiind  oat 
the  hiUs  aiai  alleys. 
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FRAME  #? 


STEP  n$    Drop  perpendiculars  from  the  intersection 
of  each  contour  line  with  the  profile  line 
to  the  line  of  corresponding  value  In  your 
profilB  ^>ox. 


ERIC 


FIIAME  #5 


STEP  06  Draw  the  profile  by  connecting  the  points 
with  a  moofch  natural  curve.  ' 


Complete  your  profile  for  line  M-M'.  When  you  have 
finished,  have  the  instructor  check  your  work. 
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In  your  pravloun  lasson,  you  ware  taught  the  fiald  procadurt* , 
not«k«cplng,  checking  field  aotei  far  ocilssloce,  •rror»  and  blundtrs 

Up  to  chit  point,  yon  hmv  le«ni«d  ikow  fch«  oaaa  M  valuta  «re 
deterteinad,    Tha  a&xt  step  is  ta  r«»olve  thuiiffi  -ffie^n  r««dtng«  into 
•n  Uncorr«ct«d  DittancH  or  (UD). 

i  This  t««k  mutt  b«  perforraftd  accurately  itnd  with  car*,  at  the 

further  risductlon  to  «  Geodatic  Leogth  depeuda  on  the  UD  being 
l90l  correct. 

Upon  completion  o£  thia  Frograsad  Text,  you  will  be  able  to 
resolve  the  tnean  M  Values  tc  derive  an  Uncorrected  Dlstiinca^ 


C  .  J '  ' 


INSTRUCTIONS 


There  are  ti^o  frames  on  each  page  of  thi^  text;  however,  since 
it  la  not  desireable  to  put  onsecutive  frames  on  the  easz^  P^S^t  you 
will  have  to  turn  the  page  after  ansvering  each  question  to  check 
your  ^msver  and  to  continue  ^th  the  program.    In  other  vords. 
Frame  2  appears  at  the  top  of  pa<^e  5;  the  answer  tc^  Frame  2  is 
found  in  the  top  coXuosi  on  page  6;  Trassm  3  appears  in  the  top 
column  of  page  7,  6tc«    Follow  the  top  frames  all  the  way  to  page 
23;  the  ansiis^r  to  Frame  11  on  page  24  is  foux^  in  the  first 
column  of  page  24*    Got  it?    OK,  go  to  Frame  1. 


Hie  figure  below  Im  thm  portion  o£  U4  Fona  2S57  that  cootaias 
th«  raw  data  nucsssary  for  co&ifutatlcm  of  uncorrected  distanca  (IS}) 
and  tha  format  fur  the  computation. 

Study  it  carefully  to  datenaine  the  relatioaship  between  tkm 
chameX  designators  of  th^  meau  readings  aad         chasmcl  de«lgaaton 
in  the  resolution  format. 


SUM 

— 21k— 

MB 

i — 

M4 

I. 

M2 

-  . 

1 

 ! 

FOKHA.T  FOR  RESOLVUiG 
GO  TO  THE  NEXT  FRAME 


.iv-iME  12 

The  situation  you've  been  involved  with  to  this  point  ha*  b««n 
an  ideal  one.     You  may  have  noticed  that  each  M  value  added  a  digit 
but  also  repeated  the  first  two  digits  of  the  lesser  M  value.  You 
will  likely  never  see  this  occ  .r  in  an  actual  field  situation. 

GO  TO  THE  NEXT  FRAME 
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ez.[ 

Solution  to  Criterion  Test 

If  your  answer  do  not  look  like  the  solution  shown  below,  you 
have  nisunderstood  the  Information  presented  in  this  lesson.  Raise 
your  hand  for  additional  help  from  the  instructor. 


SUM 

— 1 

MEAN 

Ma  1 

i 

sum 

Mft 

OSS 

MS 

4SS\ 

W5 


M4 


M3 


U2 


/ 


UMCO^I^CCTKD  DI9TANCC 


si 


z\/\o 


7\ 
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4 


8z 


Now  Y9y^  are  raquireil       £111  la  tha  channel  datlgn&Cors,  M2, 
H3,  M4,  H5  aad        botii  for  tnaan  values         for  r«Molutlcm  of  (CD). 


I  i 

1  Mt 

1  1  r 

\  j  


-J 

— 1 

1  1 

FRAME  13 

The  M2  value  Is  always  excepted  as  correct  (providing  i\  meets 
certain  criteria  to  be  discussed  late.:),  but  the  rmainiag  values 
are  considered  cur-e^f;  only  to  within  t  50  uaits.    It  then  becoiaes 
possible  for  the  correct  value  3f  an  M3  reading  of  719  to  be  any- 
where between  ______  and    ^  This  then  becoioes  the  real  probiem 

of  resolving  for  UD. 


ERIC 


Answer  to  Frame  2 


8Z3 


!   ^  

SUM 

MS 

■  am 

M3 


1 


SUM  j 

MI 

UNCOHKKCTKO  OlSTANCK 


MCTKMf 


Aiisver  to  Fi  ame  13 

769  and  669 


FHA}£  3 


Given  th«  fiipura  and  la^an  dbnimtl  readings  m  ill'jjitr&ted  ' 
bttlow,  I&bel,  a«  to  chazuusl,  both  tha  mBaa  valm»  md  th«  corres-' 
ponding  location  for  th«  vjilu«s  in  preparation  to  raiolving  (UD). 
In  addition^  you  are  to  correctly  tr«Rs£t^r  the  actual  chanmtl 
readings  to  tiieir  appropriate  locations. 


1 

■ 

\  SUM 

4^ 

M£AN 

Ml 


M% 


M> 


M2 


MKTKMS 


PEAME  14 

K&eplng  in  miusi  ths  concept  of  the  laat  two  d^giui  o£  an  H 
value  having  to  agrse  with  the  first  two  digits  ol  this  legst^r  H 


-—  ■    -y   — 

Mi 

M2 

\^'fAn  . 

UNCOfiMKCTKO  OlSTAWCK 

>            ,   ^  

1 

1  1  1  i  i 

The  correct  value  of  M3  caa  ba  betveea  ^  and  , 

Again  keeping  In  coind  the  stated  concept  above  iiat  ii  th&  real 
value  of  M3?   • 


Anfiver  to  Fraxmi  3 


Ml4 


HZ 


UNCORRECTED  OI»T  AHC  K 


1  ■    ■  "  1 

sun 

1  M« 

/3V 

Ml 

WEAN 

/  iS 


SUM 

MEAN 

fC/Dj 


[Trn 


i?|<y,<9l — J — 

,i  1  ■ 


0 


A:.iswer  to  Frame  14 
44«  and  348. 
356. 
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HavlQ&  correctly  trans £errtt^  tba  Quan  valiMS  of  the  oiiaBurciBAat 
to  th«  rfisolutlon  format,  you  may  uow  begin  the  task  of  coBaputliig  tlB. 
You  are  juatl£ied  in  amydatg  at  this  point,  "juBt  vhat  units  o£  aisa- 
sura  do  each  of  theaa  values  repraaent."    A  fair  queitiott  -  procsed 
to  the  next  frame. 


FSAHE  15 


Kjaoejaber,  lO,  W*,  K5^  and  M5  are  acctixate  to  +  50  unita,  aod 
Che  last  two  dlQics  of  eacH  imiat  agrea  with     ,  . 
oil  the  nexr  lowest  M  value.    Solve  for  the  correct  readinr  of 
in  the  problH^:*  billow. 


i  M4 

s 

o 

s 

1  «2 

 ^ 

,],.,     1  i  .  .. 

i  i„U  1 

Correct  M4  value  is 


AaB^ar  to  Frame  15 

lae  first  two  digits  (or  words  meaning  the  uasm) 
53S 


10 


llie  H2  value  !■  la  cerus  of  mllliswtsrs.    BssiKi  on  your 
IcQOwIfidge  QX  the  vmtxtc  •ystam,  convert  an  Kt  value  of  4319  mllll- 
meters  to  laeters. 


n^iAHE  16 

Ler^s  see  how  wel^  yi)r  *ve  followed.    ;5«low  is  a  rather  imiQua 
iiituatiDQ^  &ee  what  you  can  do  with  lt«    Hm  object  ii  to  deti^mina 
the  correct  MS  and  M6  values  • 


1^ 

7 

^1 

MS 

/ 

M3 

M2 

UNCOnM«CTKD  OtVTANCC 

1 

1  MKTfiMft 

M5 

M6 
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Answer  tx>  FrjGusit  5 


4.319 


3 


Ai^fiwer  to  I'raaje  15 

\ 

745 


27 


\ 
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830 


Ev«i  though  thif  M2  v«lu«  1»  iaa  «  tt  is  oot  logical 

to  sp«ak  o£  s  long  distoxxctt  In  t3i«s«  fvm,  am  cocxstquentl^  wn 
couvttz-t  to  •  which  it  a  oora  coixvanitnt  t«rm. 


FRAME  17 

Did  you  get  745  as  your  acs^^r?    If  so,  you're  excaptiosi&lly 
alert.    If  you  didn't,  that's  Ck  too,  as  this  eataaiple  vai»  a  bit 
difficult,  and  v«  haven' ^  discu8£«2  changing  the  first  d:!,glt  of 
ail  M  reading  in  order  to  iiaaks  tha  "la&t  two"  aigit  a^retitawut  btttwiten 
it:  and  the  leaser  channel\reading.    R^swher,  the  last  tvo  dlgitu 
oil  an  H  value  must  agree  with  the  £irst  tvo  digits  of  the  lasiiar 
channel,  ev«m  though  the  first  digit  might  chonga.    H  values  are 
accurate  to  ±  50  units ,  and  it's  very  possible  that  the  first  digit 
may  change  when  finding  the  "real"  value. 

GO  TO  THE  NEXT  FHAME 


m 


13 


S  'V- 
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Aoj^wer  to  Fraos  6 


14 


\ 
\ 
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V4»iuii  tb«a  **»  coavairted  to  toaters  by  oulttplyisig  its 
uiiu&l  tE*aaur«ai*at  \mit  «  by  the  £&ctor  O.OOl. 


FRAHS  IS 

Study  the  problem  balow,  and  then  have  a  go  at  reaolvlng  M2, 
3  and  4. 


M4 

 1^ 

4n 

M3 

j\s 

1  1  ! 

K2 
H3 
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Anavsr  to  Fraat  7 


Aoswer  to  Fraxoa  IS 

M2  0421 
K3  604 
»4  260 


Xhtt  ranftiniag  c^uum*!  valuM  •«ch  a4d  an  additloKial  tlgoiflcasit 
digit  to  tbtt  left  o£  th«  diiciaud  «stabllsbi»i  in  tkm  H2  valiso.  Sisc« 
M2-pxovld«s  th«  niagltt  (or  oa«t)  vsiLit  tbfta  th*  H3  ifould  bn  in  vmiti 
of  t«te  mt^x9  and      in  unitat  of  pat«r«.  «tc. 


Having  oastsred  the  "art"  of  r«aolvin^  «ach        vaXua  in 
terns  o£  the  previous  value,  it  r&Mins  only  to  "put  it  all 
together"  in  order  to  arrive  at  the  tuscorrect^  distance. 

Study  the  format  below  at  left  and  relate  it  to  the  '*f cratch 
paper"  resolution,  at  the  right.  *         — u  - 


M6 

m 
m 


m% 

S\ 

/ 

Resolut.  on 

m4 

4 

3 

M  values 

m 

V 

hi2 

4 

UNCUnilKeTICD  DISTANCE 

\3 

■4 

S 

.4 

414 
143 
434 
343 
4343 
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mm  9  '         ^       .        ^  ' 

If  «tt  K2  v*la«  of  4615  «^ujtl»  4.615  wit«t»,  aod  an  M3  v«lu« 
of  346  v^mmtM  $k,l»'mtmc9,  mm  m  m  vaIu*  of  834  i«  r«prtt««tt- 
tAtiv«  of  mtmm*   Mj.  p«ttttm  coatixniMi  through  H6 

vii«r«  A  vftXtttt  of  108  would  btt  r#pc«s«&tAClv«  o£  iiiit*r».  ^ 

-     V       •  •   .     .     .  ) 


In  thft  last  fr«B«,  you  •sm  «g«ixi  ti^  tolutioa  o£  indlv^Jual 
H  resolutions,  I)ut  for  th«  first  tins  s&tf  a  eoaitlets  soLution  to 
th«  probXoiu    Tou  wtre  again  reaoBindftd  of  thfi  rftUtloashlp  tiiat 
i^sts  b«twMa  successlv*  M  vaXuss^  and  you  should  havn-noticad 
that  tha  H2  valua  was  tr«»posed  unchangod,  directly  to  tha  W 
lls«,  while  the  actual  H  readings  were  changed  or  rtsolved  real 
readings  t6  facilitate  the  "agreoBent  rule." 


GO  TD  Tm  HEKT  FR«H£ 


19 


■■■■ 


^x^iMT  to  Vrmm  9 
334,  XO^OO 


83 


k  difcaac*  of  llB'mtmv  wmld  hm  r«pr«i«at#(l  by  a  v&lu»  .718 
for  m,  iiMl«  a.  dist&sictt  o£  37 IS  would  b«  r«pr«sant«(i  by  &  valua  o£ 

371  feir 


^Bmi  21 

1^  tho  exaaspie  below,  you  &rtt  to  utilize  th«  providud  courtft 
readings  o&  ths  l«£t  aad  eaeapl«.ti  the  "scratch  p«^r'*  rttsolutioii 
to  the  right.    Upoa  ccmpletion  it  fihotild  be  clear  &m  to  i^at  dig! t(i) 
of  the  U  values  are  brought  to  Che  IS)  liae.    A£t^  conpletioa,  check 
your  asswar  on  the  next  page  ax^  proci^d  to  the  next  fraane* 
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How  did  you  maka  out?  .  If  you  w«rii  correct,  you'rft  '*iui3gl&g 
in  there,"  but  i£  you're  still  a  bit  tmture,  revlaw  frames  13 
thru  21. 
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INTRODUCTION 

The  stadia  constant  of  a  precise  level  is  the  rail ti plication 
factor  used  In  conjunction  with  the  rod  intervals  to  determine  the 
stadia  length  of  a  level  line,  and  the  allowable  error.    In  the 
supply  system  today  there  are  levels  that  are  identical  in  all 
aspects  except,  the  stadia  constant.   Thus,  the  surveyor  and  the 
instrument  repairman  must  know  how  to  correctly  determine  the 
stadia  constant  of  a  precise  level.  ^ 

N 


84-1 

OETEP»*lNATION  OF  STADIA  CONSTANT 


INSTRUCTIONS  TO  STUDENTS 


This  Is  a  programmed  lesson,  not  a  test.  The  infomation  is 
broken  down  into  small  bits  called  "frames"  which  are  followed  by 
an  incomplete  "response."  Study  the  frame  until  you  can  complete 
the  missing  portion  of  the  response;  then  check  your  answer  with 
the  correct  answer  which  is  printed  on  the  next  pege.  If  your 
answer  does  not  agree,  re-study  the  frame,  or,  ask  the  Instructor 
for  assistance. 

This  booklet  is  your  property;  make  notes  in  it  where  you 
'  think  they  are  needed.    Your  answers  are  for  your  information  and 
are  not  a  test  other  than  self -testing  to  see  if  you  understand  the 
"response." 

One  hour  of  class  time  has  been  allored  for  this  lesson  and 
PE,  so  pace  yourself  accordingly.    Begin  the  lesson  and  read  each 
frame  carefully,  then  provide  the  required  response.  After 
responding,  turn  the  page  and  check  the  accuracy  of  your  response. 
If  your  initial  response  was  incorrect,  re-read  the  frame  before 
continuing.    Beginning  on  page  1,  follow  the  top  level  of  frames 
to  page  1£,  then  return  to  page"! ,  and  begin  the  next  level, 
continuing  in  this  manner  until  all  the  frames  have  been  completed. 

An  instructor  will  assist  you  if  the  need  arises. 

Now  begin  with  Frame  1  at  the  top  of  page 


ii 


DETERMINATION  OF  STADIA  CONSTANT 
OBJECTIVES  OF  THIS  LESSON 

Upon  completion  of  this  text,  the  student  will  be  able  to  de 
tennine  the  stadia  constant  for  a  level .  Specifically: 

a.  Identity  when  it  is  necessary  to  determine  the 
stadia  constant. 

b.  List  the  importance  of  knowing  the  stadia  constant. 

c.  Demonstrate  how  to  lay-out  and  measure  !..«•  course. 

d.  Demonstrate  how  to  determine  the  thread  interval . 

e.  Cooipute  the  stadia  constant. 

f .  Mathematically  check  the  stadia  constant. 


iii 


\ 

Extreme  care  oust  be  exercised  when  handling  topographic  sur- 
veying instruments.    A  SEVERE  JOLT  may  affect  the  stadia  con- 
stant of  a  level.   The  stadia  constant  could  change  i'i  the^ 
instrument  has  been 


The  stadia  constant  is  derived  from  a  series  of  rod  readings 
taken  from  SIX  POINTS.   The  rod  is  placed  and  read  on  ■ 
points. 


The  sum  of  the  top  and  bottom  intervals  is  the  thread  interval 
for  each  point.  To  get  the  thread  interval  for  each  point  you 
add  the  and   intervals.    (See  fig.  1,  Col  D.) 


After  the  constant  has  been  detennined  for  the  first  point,  you 
continue  until  a  constant  is  determined  for  EVERY  POINT  of  the 
course.    For  every  point  of  the  course  you  must  determine  a 


1 


« 


I  2.    The^lacernent  of  the  OBJECTIVE  LEI4S  In  a  level  Is  the  major 

'  item  affecting  the  stadia  constant.   The  controlling  ite^n 

which  affects  the  stadia  constant  is  the  p1ac©iien£  of  the 


10.    Stakes  are  set  at  six  points,  25,  35-,  45 p  55,  65,  and  75  METERS 
in  line-  and  saeasured  from  the  focal  point  of  the  instrument. 
The  distances  for  the  stadia  constant  course  are  measured  from 
the   .    (See  fig.  1,  Col  A,  p  7.) 


\ 


4 


18,    Once  the  thread  interval  for  each  point  of  the  course  has  been 
determined,  ADD  all  SIX  together  tc  determine  the  sum  of  Inter- 
vals.   The  sum  of  intervals  is  found  by  2_  six 

intervals.    (See  fig.  1,  Col  D.) 


25.    After  a  constant  has  been  determined  for  each  point  of  the 

course,  you  then  add  all  constants  together  and  divide  by  six, 
the  number  of  points  in  the  course.    You  must  determine  a 

separate  constant  for  each  of  the   "      measured  points 

of  the  course.    (See  fig.  1 ,  Col  F71 
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2.    objective  lens 


10.    focal  point 


18.  adding 


25.  six 


ess 


3.    The  stadia  constant  IS  NOT  the  same  for  all  levels.  Therefore, 
is  it  proper  to  say  that  all  levels  have  the  same  stadia  constant? 

(Yes  -  Ho)  ' 


11.    At  each  point  of  the  course,  three  ROD  READINGS  must  be  taken 
and  recorded;  they  are  the  bottom,  middle,  and  top  wire.  Three 

wi re  readings  are  taken  on  the  at  each  point. 

(See  fig.  1,  Col  B.) 


19.    To  determine  the  SUM  of  the  DISTANCES,  add  all  the  distances 
of  the  course.    If  this  is  done  correctly,  they  will  equal  300 
meters  ( 25+35+45+S5+65+75«300  meters).    By  adding  all  the  . 

distances  you  determine  the  of  the  distances 

(See  fig.  1 ,  Col  A.) 


26.    After  dividing  the  sum  of  the  six  constants  by  six,  your  quotient  ^ 
should  be  in  close  agreement  with  your  previously  determined  stadia 
constant  (t.OOl).    this  is  your  check  for  the  previously  determined 
stadia  constant.    Is  it  true  that  your  check  will  always  agree 

closely  with  your  previously  determined  stadia  constant?   

(Yes  -  No) 


i 

THIS  COMPLETES  THE  LESSON.    GO  TO  PAGE  19  AND  TAKE  THE  SELF-TEST. 
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4.  The  stadia  constant  MUST  BE  detenatned  befoVe^tarting  a  suryi 
project.  At  the  beginning  of  a  survey  project,  or  when  first 
placing  the  level  in  service  you  must  determine  the   


12.   Three  wire  readings  are  taken  on  the  rod  at  six  points,  measured 
from  the  focal  'point  of  the  Instrument.   This  Is  the  stadia 
constant  course.   The  stadia  constant  course  is  coa^rlsed  of 

 points  measured  frow  tU&  

 of  the  InstruR^t.  — — 


20.    The  sufn  of  the  intervals  DIVIDED  INTO  the  sum  of  the  distances 

will  give  you  the  stadia  constant.    The  suin  of  the  distances 

 ,  by  the  sum  of  the  intervals  will  give  you 

the  stadia  constant. 
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4.   stadia  constant 


12.    six,  focal  point 


20.  divided 


The  stadia  constant  mst  be  determined  before  placing  a  level 
in  service,  or  any  tine  the  objective  lens  has  been  disturbed. 
If  the  objective  leiis  has  been  disturbed  and/or  prior  to  a 
survey  project,  you  must  determine  the  .  ■ 


The  purpose  of  taking  THREE  wire  readings  at  each  point  is  to 
provide  information  to  determine  the  thread  Intervals,  fhe 
Information  used  to  determine  the  thread  intervals  is  derived 
from  the  wire  readings. 


The  stadia  constant  is  determined  by  dividing  the  sum  of  the 
intervals  into  the  sum  of  the  distances.    When  the  sum  of  the 
intervals  is  divided  into  the  sum  of  the  distances,  your  quotient 
is  the 
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13.  three 


21 .    stadia  constant 


Continue  on  page  15 
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The  STADIA  DISTANCE  of  a  level  line  nust  be  known  before  the 
allowable  error  can  be  determined.   To  determine  the  allowable 

error  you  must  kiKJw  the  


Thread  INTERVALS  are  determined  by  subtracting  the  least  wire 
reading  from- the  middle  wire  reading,  and  subtracting  the  Kiddle 
wire  reading  fron  the  largest  wire  reading.    For  each  point  of 

the  course  you  roust  determine  thread  intervals. 

(See  fig.  2.) 
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6.    stadia  distance 
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Once  determined,  the  STADIA  CONSTANT  is  the  muiti plication  fac- 
tor used  to  determine  stadia  distance.    To  determine  stadia 
distance  you  use  the  


When  the  least  wire  reading  is  subtracted  from  the  middle  wire 
reading,  and  the  middle  wire  reading  from  the  largest  wire  read- 
ing, they  MUST  AGREE  within  0.003  meters .    The  bottom  interval 
must  agree  with  the  tip  Interval  within  ____  meters. 
(See  fig.  1,  Col  C.)   ~ 


Once  determined,  the  stadia  constant  MUST  be  CHECKED  to  verify 
that  your  computations  are  correct.    The  stadia  constant  is  not 
considered  correct  until  a    has  been  madt. 


stadia  constant 


.003  meter 


check 


16 


The  stadia  constant  is  used  to  determine  the  length  of  a  level 
llnep  and  the  length  of  the  line  is  used  to  detensine  the  allow- 
able error*    In  order  to  determine  the  length  and  the  allowable 
error  of  a  level  line  you  oust  know  the 


If  the  bottom  and  top  intervals  do  not  agree  wit!  In  ,003  of  a 
roeter,  the  ROD  «ust  be  REOBSERVED  for  accuracy.    If  the  inter- 
vals fail  to  Baeet  the  required  accuracy  the   must 

be  .   


To  perform  the  check  for  the  stadia  constant  you  must  divide 
the  measured  distance  to  EACH  POINT  by  the  sum  of  intervals  for 
that  POINT.   To  begin  the  check,  you  divide  the  measured  dis- 
tance by  the  sun  of  intervals  for  each  .  (See 
fig.  1.  Col  E.)    ^ 


17 


S.    stadia  constant 


GO  BACK  TO  PAGE  1  FOR  FRAME  9 


16.    rod,  reobserved 


GO  BACK  TO  PAGE  1  FOR  FRAME  17 


23.  point 


GO  BACK  TO  PAGE  1  FOR  FRAME  24 


18 


ERIC 


ERIC 


ir90I 


f^cr  Betermlrtat^on  of 
StfiflU  Constant 

GENiaUL  S£iKV£V  NOTES 

Ft.  Bel  voir.  U 

* 

3  Oct  1977 

0  ] 

Self  Test  1 

I      1  2 

1^ 


35 


45 


Reading 


Jim. 


1859 


I6S5 


1509 


t-- 


1985 


1760 


Interval 


55 


65 


1535 


2130 


1855 


1581 


2135 


1485 


.i£l 


■ — ^ 


(con't  in  next  p age)  


UMS  Form  24   (4  feb  74) 


..... . 


o 


9\y:s 


ERIC 


8G8 


I 

MKwtcT  Oeterw'fnatlon  of  " 
^       Stadia  Can-stant  , 

WlAlHIt 

GENERAL  SURVEY  NOTES 

Ft.  Belvolr.  VA 

3  Oct  1977 

0            ■  ^ 

k           Self  Test 

Thread 

Interval 

Intervals 

> 

1 

(C)     I     (D)  f 

it  J 

 Li  i  



* 

1532 

'     ■  ■ —     ■' ' 



 1     ■  ~  ^ 

^  -f — — 

—  

'  1 

 , —  ^ 

,  ^  

— „ — . —         — ■■■ 

h 

1 — r 



^  ■  ~  

! 

^     _^  -   .  , 

1+ 

; 

J — 

f-  ^- 



_____ — 

L  

1 — 

^  

i 

!  ■ 

I 
i 

h-  - 

;  ^  

1  - 

1 

\ 

DKS  Form  24  (4  Feb  74) 


^^^^  ^'M^^i  n't?*, 


-  ^  MAY  1S?8 


9n^ 


DETERMINATION  OF  "C" 
INSTRUCTIONS  TO  STUDENTS 


0 

TMs  program  text  is  a  unit  of  work  which  involves  "Self  Teaching."   The  overall  lesson  informa- 

li  ^12*^^"  ^"^?  steps  called  "frames.-   Each  fraoe  Instructs  with  words,  saople  problens. 

or  both,  then  requires  you  to  apply  that  bit  of  instruction  by  cowpleting  a  response  or  doing  a 
described  action.    The  booklet  is  set  up  so  that  the  answers  to  each  fraae  are  on  the  followina 

psge.  .  ^ 

*  To -work  and  learn  with  this  booklet,  you  read  the  frame  and  ccnplete  the  response  or  problem 
then  turn  to  the  next  page  to  check  your  answer.    It  is  there  for  verification",  NOT  for  COPYING 
When  that  frame  is  coaipleted  successfully.  90  to  the  next  frame  in  numerical  sequence' 

This  lesson  may  be  given  as  a  classrooa  exercise  or  It  nay  be  given  as  a  hoAMork  a'ssigwent.  If 
you  are  in  the  classroom  and  need  help,  raise  your  hand  and  an 'Instructor  will  assist  you.    If  the 
exercise  is  given  as  a  horoarork  assignment  and  there  is  no  instructor  available  to  assist  you  in 
arriving  at  the  correct  answer,  go  back  and  review  the  previous  frames.    You  i&ay  have  missed  a 
point.    This  program  text  is  to  be  completed  only  after  you  have  completed  the  lessons  on  level 
notekeeping  and  stadia  factor  detenni nation.  levei 

INTRODUCTION 

Each  day,  just  before  the  leveling  |s  started  or  iwnediately  after  the  beginning  of  the  day's 
observations  and  imnediately  following  any  instance  when  the  level  is  subjected  to  unusual  shock, 
the  error  of  the  level  ("C")  must  be  determined.    The  required  "C"  detemined  is  basically  the  ratio 
of  the  required  rod  reading  correction  to  the  corresponding  subtended  interval  or 


I  sum  of  near  rod  readings)  -  (sum  of  far  rod  readings) 
isum  of  far  rod  intervals)  -  (sum  of  near  rod  intervals) 
The  maximum  permissible  "C"  varies  with  the  stadia  factor  of  the  instnroent.    The  instrument  isust 
be  adjusted  at  once  if  the  "C"  is  greater  than  0.004  for  Instruments  with  a  stadia  factor  of 
approximately  0.100,  0.007  for  a  stadia  factor  of  0.200,  and  0.010  for  a  stadia  factor  of  0  333 
The  most^comiiion  level  is  one  with  a  stadia  factor  of  0.100;  therefore,  the  infonaatlon  contained 
in  this  lessor,  will  appl^  to  the  O.iOO  stadia  factor.    Oetensil nation  of  the  "C*  for  instruments 
with  a  0.2  )  or  0.333  stadia  factor  is  accomplished  in  the  same  manner  outlined  in  this  lesson 
The  information  contained  In  this  lesson  can  be  applied  to  either  of  the  other  instruments 
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DIAGRAM  OF  INSTRUMENT  SET  UP 
FOR  DETERMINATION  OF  "C" 

Select  an  area  that  is  fairly  flat,  clear  and  at  least  85  meters  In  length. 

Drive  the  turning  pin  for  Rod  "1"  in  the  ground  and  pace  off  approxiniately  10  meters  and  set 
your  instrument.    (Set  up  at  position  A.) 

Have  the  second  rodman  pace  approximately  75  meters  from  the  instrument  In  the  opposite  direc 
tion  of  Rod    1    and  drive  his  turning  pin  in  the  ground.    This  will  be  Rod  "2." 

You  now  have  a  total  approximate  distance  of  85  meters  between  the  two  rods. 

Setting  up  and  reading  the  instrument  is  accwnplished  by  the  same  procedures  which  vou  have 

previously  learned.  ^ 

After  reading  the  above  information,  place  the  appropriate  distances  in  the  spaces  of  the 
above  diagram.  *^ 


Answers  to  Frame  1:    1.    ^  10  meters 

'2,    »  85  lueters" 
3.    «  75  niters 

FRAHE  12  .       ■;     .    •  • 

In  Frame  1,  you  were  requimed  to  set  the  instrument  meters  from  Rod  "V. 
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Answer  to  Frame  2:    10  meters 


FRAME  3 


The  total  distance  from  Rod  "1"  to  Rod  "2"  is  meters 
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Answer  to  Frame  3:   35  meters 


FRAME  4 

It  Is  75  meters  from  the  Instrument  to 


i 

Answer  to  Frame  4:    Rod  •*2'' 


81 


FRAME  5 


— ^ — ^ 

In  the  above  diagram,  give  the  required  distances  between  the  rods  and  between  the  Instrwent 

and  the  rods. 


Answer  to  Frame  5:    1.    »  85  neters  '  fS     1 C-^ 

2.  *  75  meters  .  *  ^ 

3.  "10  meters 


FRAME  6 

If  you  have  completed  Frame  5  without  error,  proceed  to  Frame  7.  If  you  have  made  an  error, 
read  again  Frames  I  through  5. 
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\At  this  point,  the  instrwHentwan  is  set  up  and  ready  to  take  the  first  rod  read ttvss    Recall ina 
^ur  Class  on  .notekejpf ng   3  «i re  readings  «ust  «.eet  certain  speclfi^atio^.  1h  s^pecffi?!^ 
for  third-order  stated  that  the  difference  In  rod  interval  between  the  alddle  and  tbrwlre  and 
the  Middle  and  botto«  wire  oust  not  exceed  p. 003.  ^  ^ 

lol2?a^ce%rl^rspec??Ll?on^^  illustration  belo«  within  the 

2.  On  which  rod  do  you  take  your  first  reading?   i  or  2 

3.  What  is  the  allowsule  difference  of  rod  interval  for  3  wire  readings? 
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Answer  to  Franve  7:    1.  Yes 

2.  1 

3.  .003 

FRAME  S 


818 


After  determining  that  the  readings  on  rod  "1"  are  good,  the  ir.strumentwdn  will  read  rod' "2.' 
Are  the  foresight  readings  on  the  i1  lustration  below  within  tolgrajnce?  . 
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Answer  to  fraiue  ti:    No,  Beicause: 


374 

370 

Difference:  SS4 


Jgafn  ^^adrR^d^!'^^  the  3  wire  readings  on  Rod  "2-  were  not  within  tolerance,  the  instru«ent«dn 
Are  the  new  foresight  readings  on  the  illustration  below  within  tolerance? 
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Answer  to  Frame  9:    Yes,  Because: 

Difference: 


375 
376 


FRAME  10 

You  have  now  completed  the  first  set-up  for  detemnn^ng  the  "C"  of  >our  instruii>ent  end  are  ready 
to  move  within  10  mete,  s  of  Rod  "2"  for  the  second  set-up.    Before  moving,  detennine  the  mean  for 
the  BACKSIGHT  AND  FORESIGHT  below.    These  means  and  sums  of  intervals  are  found  in  the  sanie 
manner  as  you  learned  in  previous  lessons  on  third-order  level  notekeeping.  . 


On  the  Illustration  below,  compute  the  following: 


A.  Sum  of  Intervals,  BS 

B.  Sum  of  Intervals,  FS 


C.  Mean  BS  Readi'^g 

D.  Mean  FS  Reading 


£.  Sumrnation  BS  Readings 
F.    Summation  FS  Readings 
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Answer  to  Frame  10: 


FRAME  11 


100 

751 

17710 

06797 

5313 

2039 
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The  distances  for  the  second  set-up.  (B),  are  the  saine  as  for  set-up  (A).  Knowing  this  criteria, 
tiil  in  the  distances  for  set-up  (B)  in  the  spaces  provided  on  the  illustration  above. 
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Answer  to  Frame  11:    1  =  75  meters 

2  =  85  meters 

a  -  10  meters 

FRAME  12 


The  ins trumentman  has  set  up,  leveled  the  instrument  in  the  "B"  position  a no  read  Rod  "2." 
Are  the  new  backsight  readings  in  the  illustration  below  acceptable?   
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Answer  to  Frame  12:    Yes,  Because: 


Difference: 


FRAME  13 
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Next  the  instrumentman  reads  Rod  "1." 

Are  the  new  foresight  readings  on  the  illustration  below  within  tolerance?  If  so.  conpute  the 
mean  adings,  intervals,  sum  of  intervals,  and  accuiWilative  column  totals  on  the  illustration 
belovt 
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Answer  to  Frame  13:    Yes,  Because:  376 

376 

Difference;  00? 

FRAME  14 


You  have  now  detenu: ned  that  all  readings  are  good  and  have  neaned  the  backsights  and  foresights. 
If  your  Frame  13  looks  like  the  example  bslow,  ntove  to  Frame  15.    If  it  doesn't,  go  back  and 
review  the  material  covered  to  this  point. 
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FRAMc  IS 

To  test  your  newly  acquired  knowledge  for  "C"  determination,  compute  the  oean  readings 
Intervals,  sums  of  intervals,  and  accumulative  column  totals  for  both  the  backslchc  and 
foresight  readings  on  the  sample  below. 
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Answer  to  Frame  15:  If  your  work  looks  like  the  problem  below,  yoy  urnlerstand  determina- 
tion thus  tar  and  are  ready  to  proceed. 
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Sin""-'  you  have  cmnpleled  the  check  above,  you  are  ready  fur  the  next  step.  That  Is  the  deter- 
nii!     ion    f  a  curvature  and  refraction  correction.    PROCEED  TO  FRAWE  1/. 
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FRAMtl?  ^ 

Now  that  you  have  uteaned  your  readings  and  have  totaled  your  Intervals,  you  are  ready  to 
determine  and  apply  a  curvature  and  refraction  correction,  which  Is  applied  to  each  of  the 
far  rod  readings  only.    To  simplify  this  step,  there  is  a  table  of  Curvature  and  Refraction 
below  for  distances  fro«  0  to  200  iseters.    Since  your  disUnces  will  always  fall  near  75  meters, 
this  table  can  always  be  used  for  the  "C"  Check  of  your  instruaent. 

In  looking  at  the  tao.e,  you  will  note  that  there  is  no  correction  for  distances  up  to  28 
meters.    This  means  that  in  determining  the  -C*  of  vour  instrueient,  the  correction  will 
always  be  applied  to  the  foresight  readings. 

The  argument  for  entering  the  table  is  the  distance  for  each  foresight.    The  distance  is 
obtained  by  multiplying  the  total  rod  interval  for  each  foresight  by  the  stadia  interval 
factor  (SIF)  for  that  instrument.   The  SIF  should  be  noted  in  the  remarks  coluan  of  the  field 
notes.    The  individual  correction,  as  obtained  froni  the  table,  pay  be  Inserted  in  the  "Back 
of  Rod"  colunui  adjacent  to  each  foresight. 

Using  the  table  shown  below  and  the  illustration  on  the  next  page,  determine  the  curvature 
and  refraction  correction  for  the  problem  on  the  next  page. 

a.  The  Foresight  distance  for  the  first  set-up  Is   .  \' 

b-  The  Foresight  distance  for  the  second  set-up  is   . 

,  c.  The  curvature  and  refraction  correction  for  the  first  set-up  is   . 

d.  The  curvature  and  refraction  correction  for  the  second  set-up  is 

e.  The  total  curvature  and  refraction  correction  is  .  * 
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Ailswer 
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FRAME  18 

Now  that  you  have  the  total  curvature  and  retraction  correction,  it  is  applied  to  tne  total 
before  fF^eedinf      ""^^^        "^"^      Hways  subtracted.    This  correcticn  roust  be  applTii^ 

Using  the  correction  you  computed  in  Frame  17.  apply  it  to  the  readings  below: 
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FRAME  19 

Now  that  you  have  applied  the  curvature  and  refraction  correction,  the  next,  step  is  to  determine 
the  value  of  "C."    First,  always  subtract  the  smaller  mean  rod  reading  (foresight  or  backsight} 
from  the  larger;  this  will  always  result  in  a  plus  "C"  on  the  left-hand  page  and  a  minus  "C"  on 
the  right-hand  side.    Next,  subtract  the  total  backsight  rod  intervals  from  the  total  foresight 
rod  intervals .    At  this  time,  using  the  illustration  above,  perform  the  aforementioned  computa^^s^. 
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Answer  to  Frame  19: 
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FRAME  20 


Witn  the  accomplishment  of  the  above,  you  are  now  ready  to  determine  the  "C"  of  your  instrument 
Diviae  the  difference  in  you   mean  backsight  tix!  foresight  readings  by  the  dl^^ere  ce  in  vour 
backsight  and  foresight  INTEkVALS.    Raia.iber  to  use  the  interval  and  not  the  .  stance. 

At  this  tiiise,  using  Kie  illustrdlon  above,  compute  the  "C." 
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Answer  to  Frame  20; 
FRAME  21 


-6,6 
r3l7 


=  C  =  -0.00501 


In  coDparing  your  computed  "C"  with  the  allowabie  (0.004)  for  thib  instnunent,  you  firtd  that 
the  instruflient  must  be  adjuster.  After  adjusting  the  instrutflent,  you  r.tust  perform  a  new  "C" 
determination  to  verify  the  adjustnieit. 

To  adjust  this  instrunientv  a  correction  must  be  applied  to  the  last  foresight  reading  (center 
wire  2530).    The  correct ioiv  is  found  by  multiplying  the  total  rod  Interval  of  the  last  fore- 
sight reading  by  "C".    The  result  of  this  loultiplication  will  be  in-  milllnieters.    Tht  cor- 
rection takes  the  sign  of  the  difference  between  the  backsight  and  for^eslght  r>eans ,  or  If  you 
have  carried  the  sign  In  computing  "C",  it  will  take  that  sign.    The  correction  is  now  applied 
arithmetically  to  your  last  foresight  center  wire  reading  (2530) .    Or,  the  example  below, 
compute  the  correction  and  apply  It: 
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Ansv..r  to  fram  21:    754  (rod  interval)  x  -.00501  ("C")  =  -S.&m  (correction  to  center  wire 

reading)  »  2.530  -  .004  »  2.526  (corrected  rod  reading) 

FRAME  22  ■ 

The  actual  adjustment  of  the  Instrument  will  not  be  covered  here,  but  in  a  later  lesson. 

Let  us  now  assume  that  this  instrument  has  been  adjusted.   We  must  now  ladke  a  new  level  error 
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Answer  to  Frame  22: 


If  your  work  looks  like  the  exainpK..  below,  you  havt  correctly  corspletaJ  the  prograinroed  text  on  the 
C   aetennt nation  and    re  ready  to  go  to  the  field  and  apply  this  newly  acquired  knowledge.  If 
your  wor   does  not  look  like  the  exaople  below,  you  have  Incorrectly  applied  the  Information  con- 
tained within  this  programmed  text.    Go  back  and  read  aqain  the  contents  of  this  text 
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READING  THE  HORIZONTAL  PLATS 
OF  THE  WILD  T-.:  mSDDOLITK 


INTRODUCTION 


The  measurir^  of  a  horizontal  iirectloa  or  angle  is  one  of  the  'oasic 
Jobs  of  any  type  of  surveyor.    There  are  many  types  of  instruments 
what  can  be  used  to  accomplish  this  ta§k.     At  the  present  time,  the 
Wild  T-2  Theciolit'.'  is  the  l.::oic  direction  measuring  instr^oment  used 
by  the  topo^aphlc  surveyor. 

To  n-.easure  a  horisontal  direction,  the  surveyor  must  be  able  *wO  de- 
termine rhe  instrument  readings,     T:.is  programmed  instruction  book- 
let iz  iesir :'.'.^d  to  te  ^ch  you  how  to  read  the  horizontal  scales  of 
the  wild  T-     rt.eodoli  ..e. 


liven  a  wild  Tneodalite  or  a  graphic  representation  cf  tne  ima^je 

ihe  reeling  miero.icope ,  the  ^itudent  will  read  the  h-jrizontal 
the  Wild  Ther.dolite  wi'^.h  IOj'v'^  accia:"acv. 


8^8 

HEADING  THE  HORIZONTAL  PLATE 
OF  THE  VILD  T-2  THEOP^DLITS 


.INSTRUCTIONS  TO  STUDENTS 

This  programmei  lesson  Is  iesigaed  to  be  used  without  aa  in- 
structor.    There  is  an  instructor  available  to  assist  you  witn 
any  questions  you  may  have. 

This  programmed  lesson  gives  you  instruction  at  your  own  pace* 
Although  some  of  the  material  may  seem  simple  to  you,  dO  NOT 
Rl^  through  it.    You  may  review  the  items  that  you  have  pre- 
viously studied  as  much  as  you  like. 

THIS  IS  NOT  A  TEST.    It  is  a  means  of  learning  using  a  style  of 
programming  callea  "Linear'  Programing",    In  each  frame  there 
is  a  small  bit  of  information.    After  reading  the  frame,  you 
will  be  required  to  form  a  response.    Think  out  the  answer  and 
write  it  in  the  spapQ(s)  provide.    The  correct  answer  will 
appear  at  the  top  of  the  next  frame.    If  the  answer  you  have 
written  is  coirrect,  go  on  to  the  next  fiame.    Xif  your  answer 
is  incorrect,  crosscut  the  wrong  answer,  read  the  f!rame  again, 
and  write  the  correct  answer  Beside  the  crossed  out  one.  Then 
continue  to  the  next  frame.    You  are  not  graded  on  your  answers, 
but  you  should  write  your -answer  before  checking  the  correct 
answer. 

Don't  guess  at  any  answer.  You  will  be  given  the  correct  answer 
following  each  response. 

You  are  now  ready  to  befiin.    Turn  to  paiare  1*  frame  #!• 


FRAME  #1 


To  prepare  the  Wild  T-2  Theodolite  for  horisontal  plate  reading, 
after  It  has  been  leveled  and  plumbed  over  a  station,  two  steps  must 
be  taken.    The  first  of  which  is  to  lock  the  cross  hairs  of  the 
telescope  on  the  target. 


1 


RESPONSE:    The  first  step  in  preparing  the  T-2  for  horizontal  plate 

reading  is  to    the  telescope   

the  target. 


ANSWER  I    9    (if  your  answer  is  incorrect,  reread  FRAME  ^3 

Frasaes  28  and  ^0.) 

The  ending  point,  when  counting  the  number  of  "tens  of  minute"  gaps 
in  our  horizontal  reading,  is  always  an  upside-down  number  in  the 
*-6p  scale  of  the  reading  microscope  window.' 


RESPONSE:    When  counting  the  number  of  "tens  of  minute"  gaps  in  our 
horizontal  reading,  the  ending  point  is  always  an 


I 


1 


FRAME  .iZ 

AN3WSH;    Lock,  cross  hairs 


The  second  step,  after  the  cress  'nairs  axe  locked  on  the  target,  is 
to  turn  the  inverter  knob  (see  picture,        k6  ,  this  text)  .so  tha^ 
the  black  line  is  in  the  horizontal  position* 


RESPONSE:     Turning  the  inverter  knob  so  that  tne 
in  the  horizontal  position. 


a::5WER:     Upside  down  FFu^ME  ^ 


he:- PC'iCE ;  In  findiojg  the  ending  point,  when  counting  tne  r'.a;::-.er  Oi 
'*tens  oi  niinute'*  i^aps  to  oe  used  in  thi^  horizont  ..^  read- 
xHi^,  .you  flrt-st  look  for  a  tiUiuber  rthi.r.n  i::  


2 


FRAME  #3 


ERIC 


Black  iLne 


RESPONSE: 


TJie  horizontal  plate  of  the  Wild  T  2  is  act  ready  for 

readirj?  until  the  are  locked  on  the 

■target  ard  the  is  turned  so  that  the 

black  line  on  it  Is 


A!{SkTSH ;     Upside  down 


FRAME  0^3 


The  upside  icKn  endii-g  poin^ 
found  1::  one  :^f  two  "olaces. 


:ber,  which        mu^^t  uce,   ::an  be 


'^r  en  f  i  oil  r.^^  whicn  of  the  api:iie  down  irjjfibert 
.11,  eriiin^;  point ,  when 
we  look  In  '^ne  <>f 


:en  minute'' 


use  a. 


FRAME  m 


ANSWERS    Cross  hairs,  inverter  knob,  horisontal 


When  the  T-2  is  prepared  fdr  horizontal  plate  reading,  the  firs1 
image  seen  in  the  reading  microscope  (see  picture,    ag46  this  text) 
vioiow  is  similiar  to  that  shown  in  the  figure  below. 


s- :.v ;. 

RESPONSE  I    The  figure  above  shows  an  image  similiar  to  that  first 

seen  in  the  reading  microscope  wiridotr  of  the  T-2  that  is 
  for  horizontal  plate  reading.  


ANSWER!    Two  places 


FRAME  m6 


The  first  place  to  look  for  the  upside  down  number  is  directly  over 
the  index  line  in  the  top  t cale. 


RESPONSE:    When  finding  the  upside  number  which  is  the  ending  point, 
when  counting  the  number  of  "ten  minute"  gaps',  you  first 
look  over  the  index  line. 


4 


ERIC 


ANSWER:  Prepare! 


FRAME  #5 


1  I   1   ;   1   1   !  i 

HESPONSE:    V/hen  the  irrajge  in. the  reading  microscope  is  siniiliar  to 
that  shown  in  the  figure  above,  you  know  th^t  the  Wild 

T-2  Theodolite  has  been  prepaxei  for  

  reailn^. 


ANSWER:  Directly 


FRAME  #47 


In  the  flgnir^  below,  you  can  see  that  there  is  an  upside  down  num- 
ber directly  over  the  im-iex  line. 


5 


FRAME  #6 


ANSVSKs    Horizontal  plate 


You  may  have  noticed  that  th^  linage  seen  in  the  reading  inicroscope 
is  iiviiei  into  two  scalesj.  'Vn^y  will  ba  referred  to  from  here  on 
as  the  t^.^p  scale  and  the  bottom  scale ♦    See  figure  below. 


1     OU  "MI 

1  1    f    i    i    i  ! 

* 

10 

.TOP 
"SCALE 

lOTTOH  ^ 
SCALE 


RESPONSE:    In  the  figure  above,  you  can  see  that  the  reading  micro- 
scope image  is  divided  into    scales. 


ANSWEH:    Index  line 


FRAME  m8 


RESPONSE:     In  the  figure  shown  above,  what   .umber  is  the  erding 

point  when  counting  the  number  of  "ten  minute"  gaps  in 
the  horizontal  reading. 


ERIC 


AKSVSSj  Two 


FRAME  #7 


TOP 
SCALE 


tOTTOM 

SCALE 


RESP^N^I^There  are  two  scales  in  the  image  window  of  the 


ANSWER i  2^5 


FRAm  #^^9 


The  second  place  to  look  for  the  upside  nuabar  which  marks  the  end- 
ing point,  when  counting  the  number  of  "ten  minute"  gaps  in  the  hor- 
izontal reading,  is  the  first  upside  down  number  to  the  RIGHT  of 
the  iaiex  line. 


CI 

r 

3S  h 

HESFOK.  S:    In  the  figure  above,  there  is  no  upside  down  niiiaber  di- 
j  rectly  over  the  index  line.    Therefore  you  miist  look  at 

the  first  upside  down  nmber  to  the  of  the 

index  line  to  find  the  ending  point  when  counting  the 
number  of  "ten  minute"  gaps  In  the  horizontal  reading. 


ERIC 


S5 


ANSVEHs    Haaiing  nilcroscope 


mME  m 


The  first  of  six  steps  in  reading  the  horiisontal  plate  of  the  Wild 
T-2  Theodolite  is  to  bring  the  top,sc^le  into  coincidence. 


RESPONSEj.   Bringing  the  top  scale  into 


is  the  first 


step  in  reading  the  horisontal  plate  of  the  T-2, 

•  V 


ANSWER!  Right 


Me 

I  1 

4 

RESPONSE:    In  the  figiire  above,  the  ending  point  when  counting  the 
number  of* "ten  minute"  gaps  is  the  first  upside  down 
nujnber  which  is  to  the  right  of  the     . 


%1 


.FRAME '#9 


ANSHiSs  Coiacidence 


The  horiisontal  plate  caanot  be  read  correctly  If  the  top 
not  brought  into  coincidence , 


ccale  is 


RESPONSE!    You  will  not  get  a  correct  reading  of  the 


if  the  top  seals  is  not  brought  into  coincidence. 


ANSWESs    Index  Une 


ni.  WE  #51 


MS  COE 

!  1  i  1  i 

J  RESPONSE:  In  the  figure  above,  what  number  is  the  ending  point 
when  counting  the  number  of  "ten  minute"  gaps  in  the 
horizontal  reading?   


ERIC 


9^' 
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Al«SWERs    liortzpntal  plata 


FRAME  #10 


The  top  scale  is  in  coincidence  when  the  vertical  line's  of  tha 
upper  half  of  the  top  scale  all  line  up  with  the  vertical  lines  in 
the^lower  half  of  the  '.f^jr  scale.    See  figures  1  and  2  bolpw. 


rtsuif  1 
NOT  IN    COiNCf  DEN  CE 


IN  COINCIDENCE 


RESPONSE!    When  the  vertical  lines  in  the  upper  and  lower  halves  of 

the  top  scale  are  ,  the  scale  is  said  to 

be  in  coj^ncidence. 


AT^SWES:  203 


FRAMS  #52 


rREGPGNoE:  In  the  figure  above,  select  the  ending  point  number  you 
would  Hse  in  counting  the  number  of  "ten  minute"  gaps  in 
your  horizontal  reading,   


9  ■:<■ 

1  0 


ERIC 


RESPONSE;    In  the  figure  above,  a  correct  '  orisontal  plate  raading 
'   cag  cannot  be  maiei  because  the  top  scale  is    is  not 
in  coincidence. 

ANSWER;     189  FR&m  #53 


The  are  two  cnecks  you  can  make  on  the  ending  point  upside  down  num- 
ber selected  to  ensure  that  it  is  the  correct  number. 


RESPONSE:    The  ending  point  upside  down  number  can  be  checked  in 


961 


FRAME  #12 


ANSWER  !v  Can 


is 


To  bring  the  top  scaie  into  coi^aiience,  the  ndcromeiter  knoh  (see 
picture,  pg  l^,  this  text)    is  usei. 


HESPONSE:  The 


is  used  to  bring  the  top  scale 


into  (oinciience. 


ANSVES  s  Two 


FRAME 


The  first  check  is  to  ensiire  that  the  last  digit  of  the  ending 
point  upside  down  nuriber,  AGREES  with  the  last  diget  of  the  degree- 
reading. 


.04 

II  Ml 

-+th-+- 

RESPONSE!    In  the  figure  above there  are  three  gaps  of  "tens  of 
minutes'*  in  the  horizontal  reading  and  that  the  last 
digits  of  the  degree  reading  and  the  upside  down  number 
ending  point  • 


1  2 


FSAHE  #13 


ANSWER;    Rlcrojaater  knob 


The  top  scale  is  broiight.  into  coiticideace  by  turniag  the  micrometer 
knob  (sometimes  called  the  coincidence  knob)  until  the  i»age  in  ihe 
resting  laicroscope  changes  f^oa  one  slBiliax  tc  that  shown  In  figinra 
1«  to  one  alml.T  lar  to  that  shown  in  figures  2  below. 


m  1  i  1  f  !  i 
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Figur*  I 

RESPONSES    The  oicroBeter  knob  is 


until  the  reading  saicro- 


r 


scope  iiaa^e  is  siniliar  to  that  shown  in  figure 
above. 


ANSWER  a  Agree 


FBAM  #55 


An  alternate  check  is  to  insure  that  the  degaree  reading  and  the  eisd- 
ing  point  '"umbe-;  selected  are  180  degrees  apart.    See  figure  below. 


:j  Ml 

Ml  1 
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■w";  *L.nuL.  . 

RESPONSE  J    A  second  check,  that  can  be  made  to  ensure  that  you  have 
selects  the  right  ending  point  number,  is  to  ensure  that 

the  degree  reading  and  the  ending  point  nmber  are   

degrees  apart. 


ERIC  - 


^.1 


ANSWER:    Turned,  2 


The  second  of  tm  six  ste\)3  ia  readiqg  the  horisotital  scades  of  t^o  (' 
Vild"  T-2  Theodolite  is  to  locate  the  DTOEX  LIKE  ia  the  top  scale  of  ^ 
the  reading  microscop©  wi-^dow,  after  the  scala  is  in  coincidence. 


/ 


 INDEX 

LINE 


RESPONSE:    Once  the  top  scale  is  brought  into  coincidence,  you  must 
look  in  the  top  scale  for  the   „  line. 


ANS¥EHj  180 


FRAME  #56 


RESPONSES    In  the  figiare  above  you  can  see  that  there  are  three 

"ten  minute"  gaps  in  the  horizontal  reading  anl  tnat  the 

degree  reading  and  the  ending  point  number  are   

degrees   . 


1  4 
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I  I 


RESPONSE?    In  the  figiare  above,  the  index  line  can  be  found  in  th« 
 scale  of  ths  reading  microscope  window. 


ANSWERS    180,  apart 


FRAME  #57 


tei 
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RESPONSE:    How  many  gaps  of  "ten  minutes"  each  are  ther-^  in  the 
horizontal  reading  in  the  figure  above. 


ERIC 


F5UHE  #16 


ANSVEKj  Top 


The  index  lin^  is  located  in  the  CENTER  of  the  BOTTOM  ha^  of  the 
top  scale  as  shown  in  the  figure  beloif. 


— 

LINE 


RESPONSE:    In  the  figure  above,  you  can  see  that  the  index  line  is 

located  in  the  center  of  the   half  of  the 

top  scale. 

  ^    ^   ^    .        ^  .iL.t,n^ 


FRAME  #58 


will  you  use  in  your  horisontal  scale  reaaiog?   


1  6 


ANS¥E2t^i  Bottpm 


^15- 

T 


The  index  line  in  the  top  scale  is  NOT. used  directly  to  obtain""a 
raadiog. 


RESPONSE:    When  reading  the  top  scale,  aeea  in  the  riaaiing  aicro- 

scope  window,  the  index  line   -^^r«»ctly  used  to 

obtain  the  reading.  ^ 


ANSWERS    None  or  0 


FRAKE  #59 


1  »*e 

M    1  J 

1  ««1 

'    '  ' 

a. 


RESPONSE:    The  ^top  scale,  in  the  figures  above, ^  give  what  degree 
and  minute  readings?    a.    b.  . 


!  7 


ERIC 


RESPONSE:    In  regaling  the  'top  scale  in  the  readiog  microscope  wlr 
iow»^ks  snova  in  the  figrure  above,  you  dc  not  use  the 
  "         directly  to  obtain  a  reading. 


ANSWERS  ,  a,  I63*  50*  ™ME  « 

0.     56*  10' 


t 

You  have  now  completed  four  of  the  six  steps  in  the  rej|ding  of  the 
horizontal  scale  of  the  Wild  T-2  Theodolite •  . 


RESPONSES    The  first  four  steps 'in  reading  tht^  hori2^ontai  scale 
of  the  Wild  T-2  Theodolite  are 

1.  Bring  the  '   ^  into  coincidence, 

.2,   the  itidsx  line. 

3,  Determine  the  reading. 

'  ^.  Rea4  the  of  . 


s 


^[1 


FRAME  #19 


ANSWER  J    Ioa6«  Una 


The  purpose  of  the  -iaiex  line,  la  the  top  scale,  is  tp  mark  the  cen- 
ter of  the  field  of  view.    You  could  actually  say  that  it  is  a  ref- 
erence Una,  '     .  ",*, 


•t         Ml  > 

Hi 
1  < 

— r»>Kx 


RESPCylSEs    The  Index  line,  shown  in  the  figure  above,  ^ds  in  find- 
ing the    of  the  field  of  viei*. 


ANSWERS    1.    Top  scale 
^.  '  Locate 
3»  Degree 
4.    Tens  minutes 


FRAME  ^1 


The  FIFTH  step  in  reading  the  horizontal  scales  is  to  read  the  UNIT 
minutes"  (O  thru  9) . 


RESPONSE:    When  reading  the  ho^zontal  scales,  the  fifth  step  is  to 
.  ^    read  the  minutes. 


ERIC 


19 


4- 


ANSWER  I  Center 


RJSPONSEi    You  find  tl^e  center  of  the  field  of  view,  of  the  top 
scale  by  locating  the   _,„_^       .  ' 


ANSWESi  Unit 


Looking  at  the  bottom  scale  of  the  reading  microscope  wind ovf  as 
shown  In  the  figure  below,  you  will  notice  an  index  line  in  the 
center  of  the  scale. 


LINE 


RESPONSE;     The  long  line  in  the  center  of  the  bottom  scale  is  an 


2  0 


> 


FRAME  #21 

ANSWERS    ladex  line 

» 

SKLF  TEST 

1.  Tho  first  stiip  la  naadlng  ttm  horlsoat&l  scaltis  of  thu  T-2  ' 
i?  to  briag  th*  top  seal®  int«>  ,  (S««  J-Vaae  *6) 

2.  Th«  Indftic  line  Is  u»ed  to  ddtaanaiae  th«   of  th#  fl#Id 

of  view  of  th«  top  scale  in  th«  reading  microecop«  window, 

(3»©  Frsuse  #19) 

3*    The  index  lina  is   used  iirastXy    to  obtaia  a  r««diaii  in  the 

top  scale  in  th©  reading  aicroaoop*  ifioiow.    (S»«  FVaas  ¥17) 

4-.    Th0  second  stsp  in  reading  the ■  horisoatal  scales  ^of^  the  T-2 

is  to  locate  the     in  the  top  scale  of  ^he 

reading  aicroscope  window.    (See  BYmae  #1^*')  » 


Index  line  FflAKS 


The  unit  minutes  (O  thru  9)  are  found  in  the  BOTTOM  SCALE  of  the 
reading  taicroacope  window. 


RESPONSES    To  read  the  unit  minutes,  of  the  horizontal  reading,  you 
must  look  in  the  -  ^       scale  of  the  reading  micro- 
scope window. 


ERIC 


21 


4 


4 

FSAME  #22 

ANSWERS  TO  SELF  TSSTs    1.  Coincidence^^ 

2.  Cent«r  miUdlQ 

3.  Not 

4.  Index  line 

The  third  step  in  readin^^  the  Wild  T-2  Theodolite  horizontal  scales 
is  to  locate  the  DSGEiE  reading  in  the  top  scale  of  the  reading 
microscope  window.  . 


  reading  in  the  top  scale  of 

^       ■  the  reading  nilcroscope  wiaiow. 


ANSWER s  Bottcm 


FRAME  #64. 


fOI 

f    1  ? 

mi 
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2tti 

.RESPONSis;;     In  the  bottom  scale,  of  the  figure  shown  above,  can  be 

found  the  of  the  horizontal  reading. 
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AKSWESs  Degree 


F|  (ii4 

to  f^a 

BOTTOM 


RESPONSE:    To  locate  the  degree  readicig  you  must  look  in  the 
scale  of  the  raadiag  microscope  window. 


ANSWER;    Unit  minutes 


FRAME  065 


In  the  bottom  scale  of  the  reading  microscope  window,  as  shown  in 
figLire^  belovff  you  will  notice    pairs  of 'ambers »  consisting  of  a 
top  number  and  a  bottom  niimber. 


1  f«i 

£01 

1  1 

i  215 

on 

RESPONSE:     In  ^he  figure  above,  you  can  see  that        iorms  a 


of  riumberc  in  the  ooztoK. 


]  C3. 1  ft 
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ANSWESj  Top 

In  the  top  scale,  the  degree  reading  can  be  found  at  one  of  two 
places , 


RESPONSE t    You  can  find  the  degree  reading  in  the  top  scale  at 
of   places. 


ANSWER:    Pair  FRAME  #66 


•5 


The  unit  minute  reading  from  this  scale  is  always  the  BOTTOM  number. 


'A 

RESPONSE;    When  re^in^  the  unit  minutes  (O  thru  9),  from  the  bottom 
scale  in'  the  r'.::ading  microscope  window,    you  always  read 
the  number* 


24 
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AKSVESj    Oae,  two 


FRAM  #25 


The  first  place  to  look  for  the  degree  reading,  in  the  top  scale, 
is  DIRBCTLX  Oil  the  itHex  line. 


RESPONSE*    In  the  figure  above,  there  are  two  ie^cree  reaiin^sES 
2   0  the  iniex  line. 


ANSMERi  Bottom 


mwE  #67 


The  bottom  number,  selected  as  the  unit  minute  reading  can  be  in 
one  of  two  places. 


RESPONSE:  In  selecting  the  unit  minute  reading,  from  the  bottom 
scale  of  the  laaiing  microscope  window,  you  will  look 
in  one  of    places. 


97^) 


7S 


ANSVESRs    Directly  on  FHAME  #26 


The  RIGKT-SID2-UP  number,  directly  on  the  index  line  is  the  DEGHEE 
READING  usei. 


RESPONSE;    In  the  fiffure  above,  the  right -side-up  number  directly 

on  the  index  line  is  the  I  you 

use,  \ 


ANSVER:  Two 


FRAME  #68 


The  first  place  to  lock  for  the  bot-tom  number,  which  indicates  the 
unit  minutes,  is  directly  under  the  index  line.    See  figi;ire  below. 


1  04 

4-+ 

to  1 

RESPONSE :    In  selecting  the  bottom  number ,  which  will  give  you  Lhe 
unit  minute  horizontal  scale  reading,  you  will  first 
look  directly  under  the     . 


26 


ANSWERS    Degree  reading 


fliAME  #27 


RESPONSES    In  the  fig\ire  showi  above ^  the  degree  reading  would  be 


• 


ANSWER J    Index  line 


FRAME  #69 


The  second  place  to  look  for  the  unit  "minutes  of  the  horizontal 
reading  is  the  first  number  to  the  LEFT  of  the  index  line,  as  shoifn 
in  the  figure  below. 


1 

Mi 

1  Ja 

43  1 

RESPONSE :    In  selecting  the  bottom  nuiriDer,  which  will  give  you  the 
unit  minute  reading  of  the  horisontal  plate,  the  second 

place  to  look  is  the  first  number  to  the    of  the 

index  line. 


ERIC 


ERIC 


ANSWERS  65 


FSAKE  #28 


The  second  place  to  look  for  the  degree  reading  is  the  first 
right -side-up  number  to  the  LEFT  of  the  index  line  in  the  top 
scale. 


1   ^  I 

1     i  If- 

1  «3 

RSSPONSEj  ■  The  degree  reading,  in  the  figure  above,  is  the  first 

right-side-up  number  to  the   of  the  index  lin^"^ 

in  the  top  scale,  I 


ANSWER  J  Left 


FRAME  #70 


RESPONSE:     What  are  the  unit  minutes  of  the  horizontal  scaled  in 
the  figures  shown  above?    a.    b.   


.9  7  s 
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ANStfEBj  L«ft 
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T 

RESPONSE  I    In  the  fig-ura  abovfe  there  is  no  auiaber  iirectly  on  the 
index  line.    Therefore  the  first  number  t^  the  left  of. 

the  index  line  is  the 


•  c 


ANSHEHt  a. 


b.  5 


FRAME  071 


The  unit  minutes  are  ADDED  to  the  "tens  of  minutes" ,  read  from  the 
top  scale  in  the  reading  microscope,  to  give  you  the  total  minute 
reading  of  the  horizontal  scale. 


RESPONSE:    To  arrive  at  a  total  minute  readiiig,  for  the  horizontal 

scales,  the  "tens  of  minutps"  reading  and  the  unit  minute 
readiae  are   ■ 
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ERIC 


AiiSMER;    I>Qgree  reading  FRAME  #30 


t 


RESPONSES    The  figure  above  shows  a  degree  readlru?  of 


ANSWfflj  Ailed 


FRAME  #72 
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RESPONSE: 


What  are  the  total  minute  readings  for  the  figures  shoKn 
above?      a.  b.   
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ANSWER".  163  FRAME  #31 


RESPONSES    After  locating  the  index  liae,  you  next  look  for  the  de- 
gree reading  directly  on  the  .  If 
no  number  appears    there,  you  next  look  for  the  first 
rl^-^^4^e-up  number  to  the             of  the  index  line. 


niLoruiiiJiL:     >»ii£iu  <Ure  uatj  nuriksuiiUil  tiuaxe  rtsaaxrufsj,   xn  aegxees  am 
and  minutesi  in  the  figures  shown  above?  ^ 


a. 


9  ? 

31^  • 


ANSVEHs    Iniax  llr.e,  left 


FRAME  #32 


Ftgwr«  3 


RESPONSES    In  figure  1  above,  the  degree  reading  is 
la  figure  2  above-'  the  degree  reading  is 


ANSWERS    a.  9^*10,  b.  300*^0'.  c.  163*  5^' 


FRAME 


You  have  now  coir.pletea.  the  first  five  of  the  six  steps  used  to 
determine  the  reading  of  th*»  Uila  T-2  Theodolite  horiaontal  scales, 
Tnese  steps "are: 


1.  Bring  the  top  scale  Into 

2.  Locate  the     

3.  Read  the   , 

k-.  Read  the   of   


5.    Determine  the 
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S31 


ANSWER:    Fig.  1  ^  0,  Fig.  2-9^- 


FRAK2  #33 


r 

RESPONSES    The  first  ths^ee  stieps  in  reading  the  horizontal  plate 
of  the  Wild  T-2  Theodolit®  arei 


1,  Bring  the  plate  into 

2,  Locate  the 

3,  Locate  the   


ANS¥EHj    1.  Coincidence 
Index  line 


FHAKE  #75 


3.  Degrees 

M-.    TeaSp  minutes 

5,    Unit  minutes 


The  SLXTH  ana  final  step,  in  reading  the  horizontal  plates  of  the 
Wild  T-2  Theodolite,  is  to  read  the  seconds. 


RESPONSE  J    When  reading  the  horizontal  scales  of  the  Wild  T-2  Theo- 
dolite, the  final  step  is  to  read  the   . 


.9  - 1 
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MSWERi    1.    Coiacidence  FRAME  #>  • 

2»    Index  line  .  ' 

3.    Degree  reading 

i 

The  FOURTH  step  in  roaaing  the  horizontal  scale  iu  to  find  the  nua- 

ber  of  "ter|5^  o^"  mi^fiutfe"in  the  top  scale  of  the  reading  microscope, 
window. 


-  RESPONSES    finding  the  number  of  ^   ,  

in  the  top  scale  is  the  fourth  ste^  in  reading  the  hor- 
izontal scales  of  the  Wild  T-2.  • 


ERIC 


RESrcNSE;     In  the  figure  above,  you  can  find  the  "seconds**  reading 

of  the  horisontal  plates-  in  the  .  -ale  of  the: 

reading-microscope  window. 
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AKSwER;    T^tm  of  n.lnut«s 


'  FRAME  035 


It  is  possible  that  you  have  noticed  tliat  the  nuabers  ia  the  uppex 
half  of  thifii  top  sc&l*#  zxn  upslie-^downg . 


RESiXDNSEj    In  the  figure  above  you  can  see  that  the  numbers  iii  the 
upper  half  of  the  top  scale  are    ^,  . 


c 


ANSWER:  Bottom 


FRAME  #77 


To  find  the  correct  "secojids"  reading  In  the  bottom  scale,  you 
first  must  locate  the  index  line. 


iiKCKiNSE:    When  reading  "seconis",  from  the  bottom  scale,  ttie  index 
line  is  located 


• 


3S 
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ANSV«=Ss    ypsile  down  -  FRAME  #3©  '  ^ 

You  may  have  aiso  noticed  that  when  the  T-2  is  prapared  for  horizpa- 
tal  plAte  3?oaiin§,  the  top  scale  Is  divided  intOj^  series  of  equal 
gaps  or  spaces  by  the  scale  (vertical)  lined.  \ 


PI 

< 

»        1       10  _ 

•5 


RESPONSE:    In  t.no  figure  above ,  you  can  see  that  the  top  scale  is 
divided  into  a  sei'ies  of  equal   . ' 


ANSWER:  First 


FRAME  #?8 


After  the  index  line  is  J.ocated,  you  read  the  "seconds"  directly  at 

the  index  line  of  the  bottom  scale. 


17  1 

.INDEX 
LINE 


RESPONSE;    At  the  index  line  of  the  bottom  scale,  you  directly  read 
the 
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ANSWER;    Gaps  or  spaces 


FRAME  #37 


1  1  i. 

li 

RESPONSE?    When  a  Wild  T-2  Theodolite  is  prepared  for  horizontal 

plate  -reading,  the  top  scale  seen  ia  the  r«adiag  aicro- 
scope  is  iiviied  by  the  scale  lines  into  gaps  which  are 
 as  shown  in  the  figure  above. 


c 


Seconds  FRAm  079 

Each  small  gap  in  the  bottom  scale  is  eqxial  to  ONE  second. 


ppqT>nvQP#     Tn  fKo  f  ^  cnir»«a  r  nnv*=»  f^3,r.h  nf*  thp  small  ^ratJS  Is  eoual  to 

second. 


• 
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ANSWEK:  Equal 


FRAME  #38 


When  rsading  the  top  scale,  each  one  of  the  gaps  or  spaces  we  use 
is  equal  to  ten  minutes* 

\ 


RESPONSE:    Each  of  the  gaps  or  spaces  you  use  in  reading  the  top. 
scale  is  equal  to    _____ —  ' 


ANSWER:  One 


FRAME  #80 


RESPONSE:    The  gaps  in  the  second  scale  .ire  eqml  to 
each. 


ANSV'ERs    Ten  ndautQS 


FRAME  #39 


i    0*1  . 

1  I     i     !     i     !  ! 

1 

]  " 

1  1  I 

0 

RESPONSE:    In  the  figure  above,    •a.ch  of  the  gaps  you  count  In  your 
horlasontal  plate  reaiing  will  be  counted  as  one  gap 
equals  * 


o 


ANSWERS    One  second 


FRAME  #81 


Each  ten  gaps,  on  the  second  scale,  are  numbeired.  The  top  number  of 
the  pairs  of  nvunbers,  is  the  "tens  of  seconds"  reading. 


RESPONSE;     In  the  figure  shown  above,  each  ten  small  gaps  are 

  and  the  "tens  of  seconds"  number  i 

niLTiber . 


G  the 
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ANJVEHs    Tea  miautes 


FfiAME  M 


The  DEXSREE  READING  is  th©  STARTING  polat  used  to  begin  counting 
the  number  of  "tens  of  minute"  gaps  in  the  horisoutal  readings 


RESPONSES    The  starting  point  ve  \ise  to  begin  counting  the  tfumber 
of  "tens  of  minute"  gaps  in  our  horizontal  reading  is 

the 


ANSWER  5    Nujnbered  top 


mME  #82 


RESPONSE:    What  are  the  seconds  reading  in  the  figures  shown  above 
a.  b. 


9  Jn 
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AKSVERi    lUegre^f  reading 


.FRAME 


RESPONSE  I    To  arrive  at  the  number  of  **teas  of  aiaute"  gaps  we 
shoixld  count  in  our  hori^sontal  reading*  we  use  the 
degree  reading  as  a  , 


You  have  now  completed  the  sixth  and  final  step  in  reading  the 
scales  of  a  Wild  T-2  Theodolite.  The 


1. 

Bring  the 

2. 

Locate  the 

3. 

Read  the 

^. 

Read  the 

5. 

Rsad  the 

6. 

Head  the 

ANSWER I    a.  26", 


b. 


18" 


FRAME  #83 
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ANSWER!   'Start  point. 


FRAME  ^2 


1  ««t  * 

iti 

10 

RESPONSE:    In  the  figure  shown  above,  what  nuaber  shoiild  w©  us«  as 
the  starting  point  for  counting  the  nuaber  of  •*teas  of 
minute"  gaps  in  our  horizontal  vmAing, 

TURN  TO  FHAKE  ^3,  PAGE  1,  FOR  ANSWER  TO  FRAME  #42. 


ANSWER:    1.  Top  scale  into  coincidence. 

2.  Index  line 

3.  Degrees 

4.  Tans  of  minutes 

5.  Unit  minutes 

6 .  Seconds 


FRAME  #  m 


t    ,     ,    1    r  1 

]  \ 

§4 

fS 

• 

• 

RESPONSEj    What  are  the  horizontal  plate  readings,  in  degrees,  min 
minutes  and  seconds ,  of  the  figures  shown  above? 


a. 


D. 


c. 
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b.  16/  5^'  29-  or  30" 

c.  285*  ^7'  12"  or  13" 

SELF  TEST 

These  self^test  questions  ar«  provided  to  give  you  practice  in  using 
th0  informtioa  that  you  leartiei  froa  your  study  of  tliis  text/  Tha 
answers  to  each  quastion  aro  on  paga  ^ou  should  be  able  to 

answer  all  questions  correctly,  Xs^xt  if  you  miss  any,  reread  the 
frame  or  frames  not^  on  the  answer  sheet  • 


1.    ¥hat.  readings  are  obtained  from  tne  top  scale  of  tne  reading 
niicroscope  window? 


2.    What  readings  £ire  obtained  from  the  I  attorn  scale  of  the  reading 
microscope  window? 


3*    Vhat  is  used  to  find  the  center  of  the  field  of  view  in  the  top 
scale  of  the  reading  microscope  window? 


4.    Is  the  index  line,  in  the  bottom  scale  of  the  reading  micro- 
scope window,  used  as  a  direct  mark  for  reading  seconds?   


5.    In  the  figure  below,  the          6,    In  the  figure  below,  the 
correct  degree  r^^^ing  is               correct  number  of  "tens 
 ,  o    minutes"  gaps  is   


43 


In  the  figure  below,  the          8.    In  the  figure  below,  the  "* 
correct  unit  alnute  read-               correct  total  laiaute  read- 
ing is   .  Ing  is   . 


1 

1  SS  J 

1fl 

SS  ft 
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ANSWERS  1^  SmjP 


c 


J 


1.  Degrees  and  "teas  of  alautes" ,    See  Prases  #22  &  34, 

2.  Unit  ainutas  an!  seconds 

3.  Index  line.    See  F^^ase  #19* 

4.  Yes,    See  Praae  ff?B 

5.  53  .    See  Frame  #28 

6.  ^i-.  See  Pteasea  #W  thru  if3. 
?.    06'.    See  BVaaes  #66  thru  69. 

8.  46%    See  Frame  #71. 

9.  38".    See  Fraaes  #78  thru  81. 
10.    122*  23'  22* 

U.    283*  37'  50** 

12.     00*  01*  34''.,  ...This  one  nsay  have  seemed  &  little  tricky. 

It  will  occur  If  the  itiiex  Hoe,  ia  the  top 
scale  y  ioes  not  saark  the  exact  center  of  the 
^  field  of  view.  (Fraae  #19) 

Don't  let  it  throw  you  as  all  the  rules  still 
apply.    Find  the  right -side- up  QU»ber  to  the 
left  of  the  index  line  (Frame  #28),    In  the 
figure  below  left,  it  is  359  •  This  is  your 

Nesct,  find  the  up-side-dowa  ni»ber  to  the  ri^ 
of  the  Index  line.  This  is  the  end  point  for 
counting  "tens  of  minutes"  (Frame  #^).    In  the 
figure  to  the  left,  it  is  179  .    Although  you 
you  can't  see  the  1  of  the  179 »  you  know  it's 
there. 

Next,  count  the  number  of  "tens  of  minute"  gaps 
from  the  start  point,  359 f  to  the  end  point  179 
(Frame        and  ^9).    In  the  figure  above  left, 
there  are  6  gaps  of  "tens  of  minutes"  or  60'. 

Therefore  the  degrees  and  "tens  of  minutes 
could  be  written  as  359*  60' ,  but  for  clarity 
it  is  recorded  as  60*00', 

The  unit  minuter,  and  seconds  are  found  as 
shown  in  Frames  #66,  69,  78,  79,  80  &  8I. 
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Cy    cticu  im 


Qi)     cmcii  iioHV 


1 

i 

? 
i 
9 
Id 


fciicftiaeopi  fri^^ 


4A 


11 
12 
IS 


14  Op^sti  pkmii  &fti0im$ 

15  Ckmi»t  iMt 

1i  V«tM»ii  cittii  a^umnsM^on 

17  HCMrisOfitMl  okrcii  itiuiiiinioatii 

IS  Tfy^nhek  locAUni  tuM^ 

19  Viftiairi  ciiFvli  Imwifii 


ERIC 


•  TABLE  OF  cofrm;TS  • 

I  % 

Introduction  ••»»«.»««ft»»#«.«.f»»««««»««ft«  11 

Obja^tlva  of  Lsssoa  11 

It^stmxctioos  to  Stulents  •,,,111 

Leaaon  Frames   1-28 
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COHPUTATION  0? 
-TR£NQTH  OP  FIGURE 

rmODUCTION 


Another  laport&at  t&uk  of  th»  trlatigxilation  recontmissance  party  is 
the  d«t«jrmi  elation  of  the  "Strength  of  Figurtj"  of  all  triangulation 
fl!giures  within  a  triangulation  scham«. 

The  tol^l  "Strength  of  Figure"  must  be  known  by  the  recoaoaissaace 

party  so  that  they  will  know  where  aol  wh*5D  to  «se«bii«h 

new  maasiirei  baaelines  within  the  chain  of  tri*ngulation  figures. 


OBJEXTPIVE  OF  THIS  LSSSQN 

Given  the  size  oT  all  anglea,  in  a  trianguX^tion  fi^jurd,  arid  Table 
^-1,  TM  5-^1 »  the  student  will  compute  the  "Strength  of  Figure" 
for  each  route  of  computation  through  the  triangulation  figure  with 
100%  accuracy. 


INSTRUCTIONS  TO  STUDENTS 


1.  Tniu  prografflaed  lesson  is  designed  to  be  used  wichout  an  instirxiccor . 
However,  it  you  have  any  questions,  an  instructor  will  be  available  to 
answer  tbftffi. 

2.  This  prograasaed  lesson  allows  you  to  proceed  at  your  own  pace.  Although 
some  of  the  material  may  sees  simple  to  you,  DO  NOT  RUSH  through  it.  You 
aay  review  the  items  that  you  have  previously  studied  a»  «uch  as  you  like 

m 

3.  THIS  IS  IK)T  A  TEST.    It  iJi  a  meana  of  learning,  uieing  a  style  called 
"Linear  Progr&affiin^."    In  each  frai^,  you  will  be  required  to  f 023».  a 
response.    Think  out  the  answer  and  WRITE  it  in  the  spaceCa)  provided. 
The  correct  answer  will  appear  on  the  next  page.    If  tbe  answer  you  have 
written  is  correct,  go  on  to  the  next  fraac    If  your  answer  is  incor- 
rect, cross  out  the  wrong  answer,  read  the  fraaie  again,  and  write  the 
correct  answer  beside  the  incorrect  one.    Then  continue  to  the  next 
frame.    You  are  not  graded  on  your  answers,  but  you  'should  WRITE  your 
answers  before  checking  the  correct  answer. 

4.  DO  NOT  GUESS  AT  ANY  ANSWER.    You  will  be  given  the  correct  answer  fol- 
lowing each  response. 

5.  You  are  now  ready  to  begin.     TURN  TO  PAGE  1.  FRAME  I. 


iii 


ptDiMMWi  mm  *H"»   Th*  snODfCTH  OT  FTGORS  Is  d«psi^^*txt  tipon  dissotloas 
Mtrvwi,  svcMHT^ric  eaa&itioas  to  b»  sfttisflsd  szid  tiM  siis  cf  th»  aaslsa* 


HirsP(XfSlti  An  iMporUat  r«quir«wtnt  for  the  oofi-vsBtiocs&I  triaa^sttlfitiott  r«< 
gnmslaiiaiw  psxty  is  tim  dstsrsin&tioa  of  ths 


ANSWEB  PHAISS:  #28i    Sseh  triSB^I*  FBANE  #29 


¥hsn  dtttttTslnixig;  tho  polynoai&I  t  6B^),  th&  ^mhmm  ot  64  «M 

5B  c«a  detsTHisad  fros  &  book  of  l<^iriths»«  To  ttliMixuLttt  this  tssk, 
Tabls  i^U  TM  5-441  >riU  gi-w  th«  v»X'jt  fcr  ths  polynosisi 

dirsotXy  'oaixis  th«  DISTANCE  AKGLSS  ss  «rsus»nts« 


RBSPOnSBi    The  vslus  for  tho  polyr.asniaul  can  be  detentined  by  using 
T&bXe  4-1  in  TM  5-441,  The  

ajLxi  Uatqd  aus  this  ■fjfUMtntv. 


1  '  !'  '  1 


Thi»  "Strfensth  of  HfJOEv*  not  bawid  m  «n  fcb«olttt»  aemley  bi2t  mthiir 
is  «n  «xpr»««iaB  of  BEl^TXVS  STlfilSTK.  Tht  fcnula  for  d*t«r«izt£B£  th* 
«trtrssiSth  of  fi^uK*  (mxsBsmmmd.  m  B)  i«i 

C  "  tbtt  mab«r  of  eontiticBs  {taglm  mod  sidti)  to  b*  MtisfiiKl 
6A  and  SB  •>  z«sf*atiii«  XttfirlthBio  Aifimsmomm.ot  th»  id«Ni» 

I  s«e€»i  i&  thtt  dlstaae*  angles  k  nad  B  of  &  tri«a|^ 


Vhttn  using  ?atbl«  Ih-l,  tht  BISTAIiCSS  Ald^  uMd  am  axgamnt*  for  •ottor* 
log  th«  tabls.    Th*  SMALI^  distAi^  1&  almkys  tht  top  argoatat  mM. 

tha  L4BQ^  distance  ao^I*  ia  th*  »ldtt  arsuiMiit* 


RSoPOHSSi  Th«  top  argusiont  is  &lmy«  th«  SHALI£H  distAOoa  mglm  and  ths 

dist«oc«  azigls  is  tht  aid*  irgiawntt  when  uaiiag 

Tftbla  4-1. 


2 


As  you  knov  from  Che  law  of  sines,  one  method  to  c<»pute  the.  length  o£  an 
unkQOWQ  side  of  a  triaisgie  Is  by  using  tvo  of  its  known  angles  and  a  known 
side.     The  tvo  angles  used  are  called  the  DISTANCE  AltGLES. 


RESFQUSSi  Thm  TWO  amiglMst  M^rnd  to  coiputtt  th*  length  of  m  vmSmom  «id* 
qf  &  trlangl*  «r»  <mTl»rt  th»    , 


ANSITfilH  FHAMS  ¥20 1    Largvr  FHAMS  #31 

To  datarmln*  th^  mlm  for  tiw  poXyaottlxl  (dA*     5A6B  •HB*)  for  the  tri- 
angle ACD,  in  the  figure  beloff,  you  wmt  determisie  wh&t  the  distaoee  anglee 
a»«    The  require  aide  is  line  AC  and  the  knoim  sMe  la  the  ^if^I^tw  aB. 
If  you  hav«  fctrgotten  what  distance  anglee         review  Praxes  3,4  miA  5. 


RESPONSE  I  The  distance  angles  are    and 


3 


( 


AN3VSR  PRAM£  l^s    l}ist«2%c«  Angles 


PH4KB  0k 


Tha  DiarrANCS  JU^IKS  sr*  dufjlngd  mm%  the  snslii  Qfppoiiit*  th*  KNOHH  «ldtt  wad 
thm  ftssgLi  opponitui  tliNi  BIQPIBED  side* 


Angle  mppm^Um 


RESFCHSSi  Th«  aagl^  oppo«it«  the  KHOVN  side  ftnd  thv  aaglii  opposite  th» 
RBqpiHIfilJ  »id«  ax*  callikl  th«   . 


ANSWER  mKK  0Jlt 


96^ 


mils  #32 


Hem  timt  yoii  ha.v«  d^ttttradiuipd  tfm  diatiii&cii  suglasc  It  is  tiwi  to  us*  Tftlsln 

ptrt      which  is  shoim  bcXoir.    Kat«r  ths  t&lO*  vith  thi»  SMLI£H 
tane*  imgX*  at  thm  top  lund  th»  lAEG^  can*  at  th»  left  ftidw. 


TABie  4-t 
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HBSPCH3Et  Uttlxm  th«  diatane«  anglsa  far  triangls  ACD  th&t  you  d«termin»d 
in  ?r9jm  #31|  you  «u»t  •ntar  th»  top  of  the  t*bl«  with  ° 
&nd  the  laft  «id«  of  thft  tabl«  with  ° 


o 
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mm  05 


sM«  end  th»  aagltt  opposit*  tl»   >id». 


As  you^mmt  h&v«  notiettd,  you  oumot  go  dia?«ctly  tato  th*  with  32 

•ad  98  »  fts  thsr*  axii  no  colums  htad«d  bsr  th»m  miitb«ra»  You  ar«  aew 
goin^  to  havii  to  IMTERP0L4TE  to  find  thi  vaXutts  Q»«dttl. 


RSSFCHSSi    If  your  mxmst  distmne*  aagXtts  aar*  sot  listed  in  TMm  4-1,  you 
will  hsv»  to  .  to  fitti  ths  v&luss  iiMdsd. 


(  ^ 


In  th»  f i^ur*  bilofir,  the  knoim  itid*  i«  thm  haialliwi  AB.  Thii  required  midm 
is  th»  lio*  AC. 


and 


AHSWSH  PRAKE  #33 1  Xnt«rpola.t8 


Th«  first  st»p,  in  the  interpolation,  is  to  detemine  where  your  distimca 
angles  fall  vithin  tho  table*    That  is,  batif««n  which  two  an^lns  doita  your 
distance  angln  lie?   Pull  the  copy  of  Tabia  4-1  from  tha-  "back  a£  this 
progranad  lesson  for  usa  with  the  rest  of  the  lessoci. 


PCCTtjnkTcn* .        T  TC*®    1  *     ^   Ji  ®    f  i.^        I.  % 

iUa^*AVui««      A*  XA«rcr    u«rwMVOu  ____  ______  tup   W.    i&CIXB  JL» 

2,    96°  lias  between   °  and   ^  on  the  side  cf  Table 


In  tht  fcarwO*  for  d«t»niiaiag  thm  "Strtngth  csT  Pl«ur»'*,  2(^**^A*»*^B*) 

you  viXI  XttKm  to  dlctandxii  thm  v^Xm  fcr  D»  thtn  for  C  aad  thttii  f cate  tim 
polysHXniaX         +  6A6B  4-  6B*) 

The  vmlutt  odT  B  (aumbMr  of  mm  dirtetlooc)  is  tqu&I  to  th*  TOIAL  muilMKr  of 
dlr»etloas  ohmrm^  In  th»  finur*  th»  mwbtr  of  dirttctiOBs  ote*r««d 

ovttr  th»  SyiSS  LBOe  (knoim 


KSSFCaiSlli    D  is  •^^uaX  to  th» 


nuiaber  of  dirtotloutt  obMcrvwd  in 


th«  f  ii^urs  sinus  tht  nunbftr  of  dirscrtiaisft  pl3Mr¥*d  owr  tiw 


ANSWER  FRAME  #3^1- i 


2. 


95* ♦  100« 


FSAKS  #35 


9 


NoH  that  you  know  that  32°  lies  batw»«n  30®  and  35®  aiJd  that  9S°  lies 
betwsen  95^  and  100°,  you  can  begin  to  IKTSBPC^AIS.    One  way  la  to  set 
yourseilf  up  a  «r  .all  taKLet  such  as  the  one  shovn  'beloM.    Findi  3^*  at  the 
top  of  TABXiE  4-1 1  go  do«n  the  coluim  until  you  ar«  oppc^site  95*  in  the 
left  column  and  r»cord  the  nusibBr  in  your  table  "talow.    Than  continue 
dowj  to  100®  and  record  that  number. 


35* 

950 

1  — ' — -J 

llOO®  : 

1 

RSSPQNSE:    I,    The  nurober  at  the  intersection  of  30*  rmd  95*"  is  _ 
2,    The  nuffibt  r  at  the  intersec  ion  of  30®  &  d  "i  "C®  is 


ERIC 


1h  v;- 


ANSWER  mns  #7t    Totslp  Baa*  liaa  PRAKS  #6 


To  datarKis*  **0**t  f  inrfe  eoimt  all  tha  diractioaa  c^baartad  in  tba  fi|;iira« 
In  tha  flsm  shonn  h^lm,  thm  ara  12,   Koa  cooat  tba  naalwr  of  diseae- 
tlOKia  bbaariad  ovar  tha  taaa  Una.    In  tba  figtxra  ahomt  \mlcm  thara  asea 
two,  tha  dixaetiooa  lablad  3  and  ^«   Tiia  muabav  of  dlxaotlona  6baanradJLii 
tha  figaxm  (12),  alatxa  tha  miabar  ctf  diraotlosui  otbaarvad  ov«7  tha  liaaa  liaa 
(2),  aqimla  tha  mmbar  cf  mm  diractlooa  ebaarvad  (10)  vMeh  la 


GO      TO  TUm  §9 


ANSWER  FRAME  1.  13  \  ''SAHg  0^ 

2.  12  ' 


How  repant  tha  fsroeaaa  la  Praaa  #35  only  go  <i«m  tha  eoluwi  haadad  35  . 


30* 

35* 

Id 

100 

1^:2 

RgSPCNSSi    1.    Tha  nuabar  at  tha  lataraactioe  of  35°  ai^  95^  is  _ 

o  o 

2.    Tha  Quabar  at  tha  ixitar««cti<^  of  35    and  100  is 


8 


D«t«yi»iB«  "D"  for  th»  f%ur»»  whma  btlow*  Solid  lines  indicate  lines  ob- 
served in  both  directionfi.  A  lice  broken  at  one  end  indicates  the  line  is 
observed  only  fros  the  end  where  the  line  is  solid. 


RSSFOtSSt    In  ?%eas9  I,  B 
In  I^igur*  2,  B 


ANSvm  mie  #36g  X*  9 

2.  8 

Aft«r  ycu  havit  sxtrsetfMi  th*  four  v^Xueiftt  y&a  ith&aJd 
haym  &  amll  tabLi  th&t  in  giailifcr  to  tbt  cxm  &t  th* 
Yoe  ST*  ttoir  r»ady  to  begin  this  actti*!  intwr- 


mKE  #37 


1        j  50- 

1  looi  IS 

i 

To  interpolAtti  do«m,  wi  h&v«  to  Amtvrmlm  th?»e  thixiipi.    The  BIFTSRHaiCS 
Isiitifeon  the  two  mines  for  30  $  the  DIFFTHEHCX  between  the  two  v&luee  for 
35  I  «ad  the  KATIO  op  PilQPOHTIQK  that  9B    U  between  95   «ai  100^, 


RESTtXiSSi    (1)  The  difference  betwwen  the  two  values  for  30°  i> 

(2)  The  difference  beteeen  the  two  valuee  for  35^  1» 

(3)  The  ratio  that        is  between  95°  and  100°  is 


Far  •*ch  tri«a«ta»tic»  fi«ur»,  th»wi        o«rt*ia  gtOMitrlc  cooditioMi  (C) 
that  vxist  and  muit      iMitliifiaa*    Th*«*  arvt    iyfOUB  COHHtlCMS  (C&)»  th* 
«ua  of  th»  int«riar  ftBgI»a  of  tAch  tri«a«l»  «ust  •qiua  ISO  t  SIIX 
CCKDXTICKS  (Cs)»  ftny  sid»  qowka  to  two  trlangXus  hss  ft  cottMOu  Itngth  in 
•meh  trlftaglii. 


In  •«ch  trIanffliUtioo  fisur*.   Th»»»  ispi  tb«  _  COK- 

omCMS  and  th»    COfDltlCliS. 


ANSKiS  FRAME  «7i  (l)    i  ^"^^  ^ 

(2)  1 

(3)  3/5  or  0.60 

If  you  got  jOI  th»  ftnsvwrs  corrftct,  go  oci  to  Fr«ii»  i^9*    If  any  of  your 
BXkmmrm  ivtrw  IncoeTtett  ritad  this  frftaa  for  th»  solutions. 

Th«  di£^f«?Mi(;«  of  tba  two  v*l\ica  for  30°  U  13  -  12  «  1. 

Th«  diff«r*iic«  of  th»  two  >»mlu»a  for  35    is   9  -   8  •  I. 

To  dotormisa  th«  ratio  that  98°  is  batiwan  95°  and  100°,  first  dotarttioa 
ths  diffsrsnco  batiie«ft  98   tad  95   (98  -  95     3).   Than  ttia  diffartaca 
bstmR  100   a»d  95    (100  -  95     5)«    Tha  r&tig  you  va&t  is  tha  dlstmaea 
that  98°  is  froai  95°  (3)  ovar  the  diataaew  100®  ia  frm  95    (5).    In  th'a 
casa  tha  ratio  ia  3  ovar  5  or  3/5*  which  is  couvartad  into  tha  deciml 
0,60, 


CO  OR  TO  FRAME  #59 


ERIC 


AMSVIS  mitf  flOt  Sid*. 


iwtho^*   loth  M»thodUi  will  giv*  tt»»  aHkM  C  mXm  for  atqr  si^Mtt  gmi— taric 


liSSi   Tiro  wth^B  fear  d«twniiBiiss  C  «£•  the  uwi  taf  ti»t 


If  98®  1«  0,6  «f  th#  wiy         95**  to  100®,  tbm  th»  viOu*  fme  W^m&m: 
th»  30  coluw)  shoitM  b»  0»&  cC  thmjmf  fvm  th»  valtMi  for  95  uadKir  tb» 
30   coluBBi  toimzt  th«  for  100   mid«r  thi  30  col»i* 

In  othtr  woMst  th*  ntio  (0,6)  tli*«  the  ^itfmnm  of  th»  two  ¥«aiMis 
xxa&mr  th»  30   coXuku,  «ubimct«d  froK  th»  vrnluK  of  95   widttr  tb*  30 
coluMi,  giwg  tht  v&ltki  tar  98   utid«r  the  30  calni.   Tht  vmlui  tas  98® 
uM«r  the  35   coiuiitt  is  f  i«ssr«d  ia  tht  ' 


31* 

35*  1 

13 

f  1 

too 

IS 

i  ! 

RESPONSE  I  (1)  Th»  mluft  far  96°  uridtr  th*  30°  colum  ia. 

(2)  Th«  val«»  far  96*^  tiM«r  th«  35®  coluwi  is 


I'M  1 

n 


ASmM  mm  Foist  liy^^^oiat  itilM-UF  VUM  #12 

la  th*  f  omlJi  C-Ca'i-CwtCmistliN  mmhur  o£  &KGX£  CCHBITIGiS  azmI  ^ 
Im  tb»  ttUKbtr  of  SHX  CCVDXnCXS  wlthlB^  ihi  ctoMttrie  flfw** 

C»     a  -  2»  +  3 

K*  »  vmCbmr  of  litmm  c^m&xyd^  in  both  dir*atifliu» 


RKSPOKSSi  (l)  Th»  nvm\Mr  of  uisLn  eetiditloo»  - 


-    (2)  8,1*. 

If  your  «aiM«r»  imxw  cosrwct  go  cm  to  Fnuai  ^i^l.  If  jtxx  mamaeu  merit  not 
corswct  rMil  thlji  fnui*  for  »xpljUift.tiaKi  CKf  solution* 

To  dtttmliM  th»  v&liM  tor  96^  \sMwr  tb»  30^  eolom,  asItli^Xy  th»  differ- 
•no*  OCT  th«  ymlm  for  95   is^wr  ttm  30   ooauin  (13)  aaa  th«  vmlut  f^  100 
wilder  th»  30   coluwi  (12) »  Isy  tb*  rmtio  that  96°  U  frm  95   to  10q°(0.6), 
Thvn  subtr«ot  this  yro&uot  f^oft  ttm  ml\iti  of  95  oadtr  th«  30  eoIuiR  (13). 

Th»  bftltMi  for  96^  undsr  th«  35^  colum  is  ccwpotod  in  •xsctly  ths  mam  imy« 
Ss«  soltrtiOBft  telowt 

Vmlm  fae  98®  un4«r  30®  -  13  (1  x  0.6)  «  13  -  0.6  -  12.^ 
Vsl^is  for  ^®  taidsr  3!?^  -   9  -  (1  x  0,6)  -   9  -  0.6  -  S.li 


GO  CK  TO  FRAME  4«fl 


.1*M 


12 


ERIC 


1 


•a 


Cat 


Tim  flgur*  shcwtt  bvlor  is  a  qu«ilriUt«rftl,  the  MOtft  oowext  *icani  vmtd 
in  trUis^saliLttm^   Tim-  •oXSd  Hum  iiidiea.t«  that  th»  Umm  c^btwrvudi 
in  both  dix«etiaas« 


HESF€liS£i    Uaing  tbn  foomila  C  »  Cm,  *  CMf  mad  t)m  ficuzr*  shoim  «bm» 
thK  vmluv  for  C  in   # 


Yottr  smOI  tabl*  KhoaM  aoir  Xo<^  «1  Miliar  to  tha  tmm 
shoim  to  tha  right.    Yoii  «£«  now  raady  to  Intarpolata 
acroaa. 


It* 

13 

12 

i 

To  Intarpolata  *ero«a  i«  vary  aiatllar  to  Intarpolating  down,    PUcat  f tnd 
the  diffwraaoa  odf  thw  two  mXtias  for  98  •   Than  dat«ral2ift  thm  ratio  that 
32   is  froa  30   to  3§  •    Multiply  tha  valu*  of  tha  ratio  by  tha  ditfartaoa 
In  tho  valuat  for  9^  •    Subtract  tm  prod;»2t  froa  th«  valtia  for  98  uadar 
thd  30   coluwi.   Thia  Is  yoor  fltial  valtM  and  ia  th«  mlua  for  tha  poly- 
ac»ial  {6k^  4-         for  th»  triangla  kCD  in  Fraa*  ^X, 

3«t«rain8  th«  final  valu*  for  th«  said  polynomial  in  triaJB^la  4CD* 
RESPCHSEi    Th»  valt»  for  the  polynoaial  for  triangls  AGD  i»  « 


1  'M  I 


13 


ilHSVIH  mKK  #13f  k 


If  you  g<>t  th*  oceesmst  «nmr«  go  oa  to  SVmk  #15*   ^  y<»  didn't,  rMd 
tb»  «xpljstttloii  btlov. 

it  . 

To  d»t»raixi»  0  f or  th»  i|iiadirilAtttsr»l  shoim  in  Frwm  01%  wbititvt*  into 
th»  foemaJM,  ttm  HMuriottl  mltwii  for  thm  Imttmrm  la  tb»  f  osewal»« 


Ca  »  2  *  1 


ftni     Cs     a  ^  2s  3 

C»  -  S  -  8  ♦  3 
C»  •  9  -  8 
Cs  *  1 


• 


c  *  3  1 


GO      TO  rSLkm  #15 


AKSVSR  mMS  mi  10.8 


YoiiT  flnatl^  t&bltt  should  look  siffilll&r  to  the 
one  to  tha  right. 


PINU.  SQLUTIOf 


Dtff«rinc«  of  iim  two  wlues  foar  98®  1«  12,^  -  8,4-  ^  4- 


Ratio 


for  la''  im         IS  -1-0.4 


35  -  30  5 
Pinal  valu*  ia  12,4  -  (4  jc  0,4)  -  12«4  -  1,6 


10,8 


3<f 

as* 

13 

13.4 

TO.t 

•  .4 

O 

12 

i 

GO  C*f  TO  FHA?®  #43 


ERIC 
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lot  1 


?HAKS  #15 

Thtt  two  f  li^isewt  vhomi  \mlm  vc*  oth»r  vtrsioM  of  thft  q^na<lr1Iat»a^»  D«- 
tsrviin*  th*  C  valiw  fcr  Mieht  osiiiip  th»  fosnsilau   Solid  IXom  iadioKt* 

chat  the  line  is  observed  in  both  directions.    A  line  broken  at  one  end 
indicates  thtt  line  is  observed  only  frcHS  the  end  where  the  line  is 
solid. 


HieSPCKSEi    (1)    la  fi««r«  1,  C 
(2)    la  figmr*  2,  C 


D«t«ntii»  th»  v*lu8  for  th«  polyno«i&l^(6A*  646B  +  6eP)  foe  th»  txl- 
lixiglfiis  nhocm  in  ttm  flguriiat  biiloM. 


<?•! 
-A 


RESPCNSEt  (1)    Figure  1,  (6A*  +  6a6B  +  dB^) 
(2)    Figure  2,  (6a»  +  6A6B  6B=) 


1 

i  

\ 
\ 

\ 

'  ! 

1  1 

r 

\  1 

\^ 

:  

— ! 

i  I 

1 

— 1 

/ 


ERIC 


15 


kS3Vm  FRAKK  aSr  (1)  5  P'KAJSK  #16 

(2)  6 

?h«  Point  By  Point  Bttild  Up  Method  of  d»t«rmlaixsg  C  t»  i.  GBAPKIGJlL  HETKOD 

ftnd  no  fcarmLUs  iir«  used..    lostttsdy  a.  awt      rul«s  «ad  a.  sloiteh  u«:#dL* 
THE  BULSS  AHSt 

■   !•    Starting  with  the  fixed  stations  (baseline  stations)  olot 
&11  statlcms  is.  ths  fi^m, 

2.  Thtt  aumbsr  of  mngla  ccociitlass  tquals  %fm  Busber  of  mm 
lines  uaod  to  cocitsrol  th«  point*  aintui  cxm.    Cbly  linis  ob- 
••rvwd  is  both  dixvctioiu  ats«  coimtipd, 

3,  Ttw  KUBbur  cxf  sids  cooiitiQas  squsls  tho  tot«X  aui^r  of  my 
lismm  ustd  to  cocitrol  th«  st&tiaa»  ftiatie  tvo, 

^.    Md  &II  eofiditi(mii  fouM  to  detfiradJM  **C". 


hHSKm  FRAME  #^^3t  (l)  2,6 

(2)  2.8 

SOLOTICKS  TO  FRAMS  #^3 

In  fl«ur«  1,  th«  diatftac©  imgles  &r«  52°  «M  90°, 
Sntttr  Table  ^^1  with  52    at  the  top  and  90    at  th« 
side.    Set  up  table,  siailiar  to  th*  am  at  the 
right  and  iaterpol&te. 


; 

50- 

52^ 

55* 

2 

In  figure  2,  the  distance  angles  are  51    *^  89  . 
Enter  Table  4-1  with  51    at  the  top  and  89    at  the 
aide.    Set  up  table,  aimiliar  to  the  one  at  the 

right,  and  interpolate. 


GO  OS  TO  FRA.ME  ^5 


16 


mK2  #17 

I 

{ 

sHoim  mJM  IS  m  msmM  cp  rm  pourr  m  msm  build  up  mrmD  (f 

I^TBSIOBIHG  C  TOR  THS  qP4aiXL4T1»4L  IK  PSJUtfK  #13* 


thm  fisoid  fttatiofiiit  plot 
ftH  ct&tioQs  in  th»  f  i^- 


ROUK  2i  ThB  nuHbftT  of 
iiagl«  cooditiORs  (C&) 
oqu&ls  the  number  of  naw 
lizMs  tuuid  to  coctrol  the 
^int,  minvm  oos.  Qsily 
linss  obcMTWd  la  both 
dirtetiooc  §xm  counted* 

HOIg  3i    Th«  ntuibtr  of 
side  eoodltloos  (Cm) 
•quals  thi  tot«l  ii\»l3»r 

of  mtW  liSMS  tUMMi  to 

cocxtx^  the  etationy 
Kiaue  tvo* 


A. 


si 


ttULIE  "^2 


■'1 


CONDITIGirS 

ANGIE       3  I  PI 
1 


HULg  >i  Add  all  condi> 
tiofis  fouBd  to  detttmine 


m  3. 1 
«  3-2 


TOTAL    GEOMETRIC     CONDITIONS    "C"=    3     +  1=4 


NOTICE  that  the  value  for 
the  faraula  C  •»  Ga  4-  Ce. 


*C**  la  the  sees  as  that  determintsd  by  tising 


ERIC 
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PRAMS  mB 


DfttcTBiM  th«  vi^u*  for  "Ct  tim  figmr*  shown  balc»r»  using  thtt  Poiat 
By  Point  Build  Up  H»thod« 


RBSPCKSSi    In  tb«  figure  above*  C  - 


FB&HS  #^5 


A  strsagth  of  fi^ur*  (R)  w&mt  Q<mpatm&  f&c  SACH  RO0T£  cf  CKFUTATIClf 
thxtnigh  thtt  figure,  no  s«tt«r  what  the  ahape  of  tbi  figure. 


RESPONSE t    A  "BT  valm  must  ba  datsrained  for 
of  e^piitatioa  through  the  figure. 


18 


AKsm^  mm  #iSi  5 


st&tioQft  afid  dr*H  ia  ths 


AM  mv  Hxmrn  oMd  to 
control  first  sta- 
tlcfi*   Thaa  Mm  Htsl««  2 
«ad  3 


Add  new  lines  iis«d  to 
control  second  nsv  sta- 
tian,    Timn  nmt  EuXm*  2 
«nd  3  again. 


Add  nerw  lints  us«id  to 
control  las':  nev  sta.* 
titm*  Tlwn  uss  Hulss 
and  3  again. 


RULE 


iUlf C«s  2-1  ^ 


luifa,  Ctt  »  2  -  1 

iUlli**3,  Ci  a  2  •  2 


•  Ulf  ^,  C»  a  3  -  2  = 
TOTAL   GEOMETR!  C    CON  DiTtONS.  "C 


CONOf  TiONS 


ERIC 
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FSANi  120 


Up  to  this  point  yoa  ht^m  dtmrtdamd  "D**,  tb*  auab^r  of  ami  dis«etiocui  asd 
"C".  th«  noBtar  of  gvcsnttric  eoa&itioBs  to  b»  sctisfisd*   too.  em  noir  <!•*• 
tttTMiM  tb»  fir«i  t«m,  ^     in  th»  forwil*  H  -  ^  £(6**     6AftB  -t-  6B»). 

For  a  «u«i7il«tn«l»  having  aU  stations  oeeupisd  aixl  all  dirsetions  ob» 
8«rvsd»  Trails  ie»  y«s  hav*  dstsraiiisd  that  D  •  10  and  that  C  *  ^  in  P^aaa 
inj*   YoH  eaa  asu  datsrmiiw  tba  valwk  for  1»y  tiibstittitiiig  tbn 

QYiabars  for  Ltt tsars  and  solving  the  problen. 


D  10  10 


riGutc  1 


RieSFCMSii    (1)    Ik  Pi#»s  1, 


B  -  C 


(2)    la  Piguxn  2. 


ncu If  2 

^,    (See  Fraaes  9  and  15) 

•    (See  Fra^s  9  and  15) 


AMSIiKS  mam  m5i    laeh  Roists 


rtm  smllsst  cosptstsd  R  value  is  ths  Ri  valos,  ithich  is  ths  STUCHGSST 
routs  throx^  ths  flgvos.   Ttis  osxt  swdlsst  vim  is  ths  82  valus. 
Ths  xMuct  lazrssr  tsIws  utmld  bs  th»  Hst        ^s,  ste. 


HBSPOfSSi  Ths  stroii«sst  routs  ocf  cosputatioa  throo^  ths  flours  is  ths 
S   oosptitsd  R  mills  ssd  is  dssi^iatsd  ths  


• 


ERIC 
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109  f  I 


ERIC 


'I 


0.60 


R6q 


mitt  #21 


Th«  v»l«»  far         is  ft  (^STAK?  for  «  glirwri  fi««tt«.   That  ls»  the  ymlrn 
far        for  Mi^f  tttidrlljii«arml  hMiwixm  «1I  stutioiis  oemiplMi  «»l  &n  di- 
svetioui  otmmcrmd  will  lOMia^  }»  Q,60»   T!»  tist  of  th»  izm^Xm  «r  tim  tri- 
aa|^l««  makioe:  up  th»  figux«  do  tsjot  (tttmxt  tlw  ^mistitsr  • 


RSSPCKSSi    Fear  &  givms  fi«m:«,  tb«  viaun  for  ia  « 


Thff  staodssd  sod  m»t  camao^  flgi^kSv  used  isi  triniigttltttioa  Iti  th» 
qfUBfiXUTSHALt  irith  lOl  strntiooa  octmplwd  aiael  lOl  direct iqes  o%s««r««d. 


tiOKI* 


i»  thifc  atajadasd  f  i^rur®  xumd  in  triaiigTBl*- 


l2l  ■  ' 


^10 


^SVEB  fmm  02Xi    Ooostsnt  PRANP  #22 

S4^<s£*  srws  to  dtttttrsia*  tiw  valaii  fear  tb»  poIyndHi«l  (H*44A5B^B*)« 

f  &«ur^.  That  !«#  wtifct  iirs  «U  thu  i>os«ibL»  cai^biiiiktloiui  of  tri«agli»s  that 
em  \m  uattd  to  eoapisttt  th«  l^is^th  of  tb»  r«quir*d  Xlns* 


ESSKI^SSi    411  90s«i)3lii  Boitt«s  of 


d«t«rwi&*d  iMf crs  you  dtttmdnn  tlw  mlws  for  tim  pol^ 


Ka  notsd  i^s  Prmw»  #2^^  th*r»  urw  FOJB  voyt«»»  of  ooiiyi&tatloii  tlwoisgh  «. 
qu«dril&t»ral«    Shorn  lottlm  is  that  d«t«ndiyi.iiOKi  ^  th»  FQUB  Viftlssiia 
fas  thm  f i^jT*  shown  la  Frtm  0*^7* 


Dint  ^'sA  and  5 

Urn  *f  ra^Tif  MiitLi  

H 

1  1 

0.6  : 

2 

3 

1.8  -  Si 

F«»i80*  GW^5* 

i  ' 

2 

0*6 

 3  J 

2.^  »  Ra 

aP(>i90*  FK>60»I 

I 

3 

0.6 

21  , 

2^.0  -  B4 

r     i9  1 

0.6 

BGH-50*  GEH-35* 

18 

31 

IB. 6  •  Ha 

GSPH«-35*  PHS-65** 

13 

22 


^1 


mxs  #23 


In  th»  fi^vsem  ^lov*  mm  wiy  to  cmfustm  thm  iMo^h  of  1dm  FG  voiaai  to 
f ixnt  ooKpiita  tht  l*ii$tb  of  th»  <llaaiMMit  f1£«  ttslag  ths  bii»ltn»  SH  mm  th« 
leaoiis  sii*.   ThMi  vmiag  thm  ecMq;>ttt«d  Iwsstli  of  thu  dJUgMua  m  m  tht 
kaoim  sids^  ea«put«  th»  tejsth  of  tikt  rKo^^  i» 
rotst«  or  ooMpttUtlOR  thromili  the  qiuMtn  Ut,agal> 


GO  OK  TO  mXE  #2^ 


AKiVIE  mm  Poor 


tionai  occufi«d  and  iQ2  dfLraetioos  obMurvod. 


RSSPCKiSSt    In  \htt  tigtxem  abov*  (l)   Bi  * 

3)  B;3  - 
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trUalciaaticn  tMits.  In  th»  quiid^U»t«rftIt  thtnt  «£•  mm  po««ibI»  routes 
of  oo«ptxt«ti«Mt  throogh  t\m  fS«up»,  to  diit«3raiii*  tfm  l»agth  of  th»  r»- 


RieSHHSEi    In  th»  standard  ^viMrilatoral,  this*  «r»  po«»ibl» 

ro«i««  of  Qopiwtatian  throtii^  tb»  figtsr*. 


ANSWER  TBAm  See  aolution  below  PSJUlf  #5® 


Hoote 

n 

D 

I>lst2C>A  «ad  B 

B 

1 

2.6  , 

8.6 

5.2  «  Ha 

^  6.0 

2 

0.6 

1.6 

^•6 

[ 

2.8  -  Bi 

3.0 

3 

0,6 



15.6 

29.2 

17.5  - 

k 

0.6 

IGii-^r^^  GlHi*3* 
GPH-32»  rH&*50* 

1        11,6  ^ 

32.6 

19.6  •  R4 

GO  CK  TO  FMXE  #51 


2^ 

102  i 


AKdiXE  mm  i^t   Poisr  mm  #25 


k  lot  of  iadivMuftIs  fixid  it  diffimilt  tp  pdok  oat  ftll  th»  xtfutmm  Iqr  Jvwt 

sloiteh  for  mmah  powibi*  sooiv*  Ttw  ftfttrMi  akvom  btloir  d«;sdet  tii»  fosr 
••pionit*  rontM  for  &  <},iMK£xllat«CftI»    BA-ch  routs  Is  aads  up  of  &  combloa- 

tion  of  triangles,  going  from  the  knowrn  slie  to  the  re<^uir»i  siic. 


Ilk  tiMi  t3?i«i%l»  Icai*  iiii  hmmm  muttm 
two  trlAi^ldtK  UjMNi  im  mhm^  flxvt  the  xv- 


la.  ttm  trtiuucl*  %hm  \mml%xm  IM  im  tb» 
known  cldn  nyndL  Hhi  d£sc^MMX  yii      tiMi  7S%^ 

f%  ^maomm  th»  kutma.  ai&m  an!        Ha»  fQ 
thft  re^uln^.  &lde« 


In  th«  tidangls  ^^H,  th»  >w»t\1n>      is  tht 
knovn  aid*  asii  th«  llxm  W  th*  r»qttix«€  sl^tt« 
Is  trlAfss-I*  £PGt  the  lAmrn  W  tm^omm  the 
knoim  sielfli        tlMi^  the  required  eii*. 


In  th«  tri«isgl«  ^H,  the  by-line  EH  Ik  the 
known  sido  end  the  line  GH  the  refuised  side, 
In  the  triangle  FCH,  the  line  GH  laecowie  the 
Kxiimn  mUw         the  Xir^  FG  th«  xvqalrvd  m%&m. 


I  i 
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FRAME  #26 


Determine  ail  possible  routes  of  cotroj^faition  through  the  figure  shami 
below.    The  final'  required  side  iS^TCT 


RESPONSE:    There  are 


routes 


PRAKB  #51 

7h«  figur«  nhma  \mlcm  1«  a  quttdrilmt^raJL  with  &  ctntr&I  iMixtt,    All  sta- 
tiona  occuplod  and  &I1  dirvetioiyi  obsiirwd.    DmtmvwdJQm  all  the  R  viili^s 
for  the  flgux«,    HSHgKBSH  that  th«  ttUB  <^  tha  interior  imglws  of  «.  trl- 
au\£l(s  Kust  equal  ISO  • 


R£SPCKSEt  (1) 
(2) 
(3) 


H4- 
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i  O  U  II  2 


FEAKS  #28 


OBTSRMIHATOT  OP  THE  PCLtNQKXAL  4-  ♦ 


Th«  t»m  d4&2l  is  &  fuoetion  of  Msch  trlAas2tt»  vnryiog  vith 

th*  shapti  of  9moh  trlanglJi  and  th»  aia«  of  th»  distanc*  ao^laa  in  thm  tri- 
aii«rl»>    Th«r«fQOEr««  th»  valuir  of  tha  suaaatiOKi  of  tha  polyaoaiala  dapvnda 
wpcm  tha  valut  of  tha  poljnoalal  for  aach  triaiicXa* 


R£SKKS£i    Tha  valuw  for  thm  Biunation  of  th»  polyncmiala  dapanda  upon 
tha  valua  for  tha  polyaoaiai  la  aaci.  ,..,.,__„....___,_^  uaad. 


Proceed  to  lower  half  of  page  1. 


ANSWER  FRAME  #51i    SSS  SOLUTICK  BELOIT 
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INTRODUCTION  ' 


You  previously  learned  the  basic  methods  of  Relative 
Orientation;  the  single  projector  methods,  (left -to-right  and 
right-to-left)  and  dual  projector  method,  (swing-sving)  and  you 
can  see  how  effective  these  methods  are  in  removing  parallax  frcsa 
regular  terrain  models.    These  regular  terrain  modaia  are 
oriented  by  tt^f»VTrig  use  of  the  entire  area 'of  overlap,  enabling  all 
six  positions  to  be  properly  located  uithin  the  model  for  parallax 
removal.    When  a  multiplex  model  contains  an  irregular  area  of 
part  land  and  part  water,  a  change  in  the  basic  methods  is  required. 
Although  only  a  part  of  the  area  of  overlap  can  be  utilized  in 
this  type  of  model",  it  is  still  possible  to  remove  'parallax  from 
those  positions  that  are  available. 


1032 


INSTRUCT  I QHS 


This  Programed  Lssson  is  designBd  to  be  a  aeli^^paced  progrm. 
&nd  it  divides  the  lasson  Infoxmtion  into  small  framas.  Thase 
fraiiBg  supply  Infom&tion  vhioh  you  vrill  need  to  ,f  ill  in  the 
ijQCCBplete  "pesposaeo"  or  "action",    Stu^^  the  frame  until  ycM.  can 
ccB^lata  the  missing  portion  of  the  response  or  action;  the^  check - 
DO  NOT  MERELY  COPY,  your  answer  with  the  correct  answer,  which  is 
pilnted  on  the  next  page.    If  your  answer  does  not  agree ,^restudy 
the  frame,  or  if  you  need  assistance ^  i^ae  your  hand  and  an 
instructor  will  help  you.    This  booklet  is  your  property;  make  notes 
in  it  where  you  think  they  are  meded.    Your  answers  are  for  your 
inf omation  and  are  not  a  test  other  than  proving  to  yourself  whether 
or  not  you  understand  the  •^response"  or  "action",  - 


Begin  with  Frasas  #1  and  continue  on  to  Fraioe  #43.    At  the  end  of 
the  text  there  is  a  Self -Teat'  where  you  can  check  your  understand- 
ing of  the  entire  lesson. 


Upon  cotBpletion  of  this  Prograiamed  lesson  you  will  be  able  to 
perform  Relative  Orientation  of  Irregular  Terrain  Models  using  the 
procedures  and  specifications  as  outlined  in  the  Th  5-244 
para,  42,  44-47,  &  50. 


I  SSSON  OBJH]TIVB 


1  "'-^1 


Mftriy  situations  'Occur  in  phot ogramme trie  cuapUatiun  In  whicii  the 
ovurlappin(^  area  ol'  a  moltipiux  modui  is  ^niy  partiaXiy  rct^uiar 
terrain.    Sucii  modui:^  are  known  as  "irroguiar"  mudeia.    The  \ 
attainment  of  a  parailax-free  modui  is  much  more  dilTicuit  when  thu  \ 
model  itself 'is  irregular*    The  turm  "irretjuiar",  when  usud  in 
miUtlplux,  pertains  to  those  spatial  models  jthat  are  part  land  masis 
and  part  water. 


c 


FRAMl!:  0  22  LiiVEi  B 

1 .    Wtien  clearing  parallax  f ran  an  irregular  terrain  model  the 
preferable  position  should       chosen  as  close  as  possible 
to  ^    • 


ERIC 
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1 .    no  respunstj  nucuuaary 


22.     ideal  positions 


10'"") 

2 


LEVEL'  A 


PHAME  #2 


1  •    Irregular  Terrain  Model's  are  aade  up  of  part  land  mass  and 
part  water. 


Terrain  Models  mad&  up  of  water  areas  &  land  areas  are 
called  Models. 


/ 


FRME  #23  .    ■  LEVSL  B 

a.    Preferable  positions.  Stay  as  close  as  possible  to  the  ideal 
position  used  for  the  removal  of  parallax  by  a  purticular 
adjustment.    Choose  an  appropriate  method  that  will  allow  the 
majority  of  these  positions  to  remain  in  their  proper  places. 


103G 


2.    Irregular  Terrain, 


•V 


3 


23.    no  response  necessary. 


Flum  #3 


LEVEL  A 


2,    Iirregular  terrain  models  -  c  ontain  part 
part    '  ♦ 


and 


FRAME  #24. 


LSVEL  B 


The  principal  points,  in  seme  cases',  serve  as  a  cue  as  to 
which  method  to  use  -  Right-to-left,  Left-to-right  (single  pro- 
jection methods,  and  sving-swing,  (dual  projection  method) 

FOR  EXAMPLE:   


In  this  example  any 
of  the  3  methods 
would  be  acceptable 
since  the  land  mass 
surrounds  the  two 
principal  points. 


Since  the  land  mass 
in  this  example  in- 
cludes the  right  prin- 
cipal point,,  the  right- 
to-left  method  is  re- 
commended. 


Since  the  land 
mass  in  this  ex- 
ample includes 
the  left  prin- 
cipal point,  the 
lef t-to-right^ 
method  is  rec- 
ccnmended. 


In  some  cases,  the 
methods  to  use. 


serve  as  a  cue  as  to  which 


1038 
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3.    water  &  land  siass  / 


2ii.    principal  point 
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FRAME  #4  '     .    .  LEVEL  A 

By  definition  then,  an  Irregular  Terrain  Model  is 

(your  own  words) • 


FRAME  #25  -  B 

.,  •     •  •  ^ 

In  the  situation  shown  below  the  water  area  covers  the  entire  upper  por- 
tion of  the  model  above  the  principal  points, 


KAXER 

/ 


Either  the  left  to  right  or  right  to  left  aethod  can  be  used.    Assume  we 
used  the  right  to  left  method.    In  oriehtlog  the  right  projector  to  the 
lef  ^,  all  the  positions  &  their  respective  jjrojector  movements  remain  in 
their,  normal  locations  except  for  positions  3  &  6,    Position  3,  the  "2" 
position,  is  located  halfway  between  positions  1  and  4.  along  the  right 
edge  of  the  model,    PcMsition  6,  the  check  position,  is  located  exactly 
in  the  center  of  the  partial  land  mass.    It,  is"  advisable  to  check  the 
entire,  useable  portion  of  the  model^  keeping  in  mind  that  this  is  but 
half  of  a  model  and  nona^  parallax  perception  has  been  affected  accord- 
ingly. "  After  each  position,  check*'^-!  previous  positioni^  f or  parallax, 
making  sure  that        parallax  is  cleared  before  continuing," 

I 

* 

7  ■ 
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4.  Any  statement  me&niag  a  spacial  model  that  is  part  water  and  part 
^  land  Bans. 


25.    No  Response  Necessary 


8 
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r^tm:  #5  level  a 

4.    An  esompXe  of  an  ^Ilregular  Terrain  Model  is  a  ccsabat  ^ach.  These 
beaches  and  their  surrounding  areas,  both  land  and  water  oust  be 
accurately  mapped  before  any  amphibious  operation  can  take  place*. 


FRAME  #26  .  '  .  LEVEL  B 

In  orienting  the  right  projector  to  the  left,  (in  the  last/  frame) 
all  the  positions  and  thfeir  respective  projector,  xaovements  i^mdLin  in 
their  normal  locations  except  for  positions  3&6. 

Positions  3  &  6  would  normally  be  found  Iq  the  upper  part  of  the 
model*    Fran  what  you  hr.ve  learned  from  the  last  framr ,      why  ipust  points 
3  &  6  be  moved  frcm  their  normal  positions?  | 


9 


5*    No  reaponsa  necessary. 


^6,    Because  one  c^Limot  see  stereo  ever  water. 


1  ^  <  ^  :] 
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FRflME'#  6  ,  '  .         LEVEL  A 

By  definition,  an  irregular  terrain  model  contains  water  areas.  It 
is,  therefore,  iaportant  that  the  multiplex  operator  knous  hdv  to  utiliae. 
the  available  portions  of  these  vater  areas  correctly,  since  it  is 
ia^ossihle  to  see  Y-parallax  over  water. 


FRAME  #27  LEVEL  B 

In  using  the  right  to  left  methods  we  normally  use  the  2  motion  at  posi- 
tion No.  3  for  clearing  parallax.    Therefore,  vherever  position  3  is 
located,  parallax  would  be  cleared  using  the   . 


11 
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6.    Nc  response  necessary 


;27.     2  Motion 
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FRAME  #7  ,  LEVEL  A 

There  are  useable  and  nonuaeable  points  when  clearing  palral^ax  on 
Irregular  Terrain  Models.    When  an  operator  is  attempting  to.  s.et  up  a 
model s containing  vater  or  a  coastline,  he  should  not -use  movable 
objects  such  as  whitecaps  of  vaves,  buoy^s,  or  any  boats  that  might 
appear  in  the  area.    The  movement  of  these  objects  during  the  interval' 
between  the  talcing  of  the  consecutive  photos  will  give  a  parallactic 
angle  such  that  if  a  moving  object  is  fused  it  will  appear  to  "float" 
and  have  a  higher  or  lower  apparent  elevation  than  it  actually  has,  mak- 
ing accurate  readings  impossible. 

We  can,  therefore,  say  that  a  _         object* is  a  nonuaeable  point. 


FRAME  #28  '  LEVEL  B 

The  movement  of  Z  motion  affects  the  model  Radiallyabout  the  principal 
point,  ^  '  ' 

When  clearing  parallax  with  the  Z  motion,  the  model  is  effected 
  about  the  principal  point. 
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7.  movable 


28.  radially 
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FRAME  #  8  ■'  .  ^ 

Knowing  that  movable  objects  are  aonusuafale  points;  nme  three  3^ovahla 
objects  found  in  water,  .  ■ 


FRAME  #29  .  ^ 

Since  the  effect  of  the  Z  motion  on  the  model  is  radial,  we  can  move 
position  3  to  a  point  half  way  between  position  1  anu  position  4  along 
the  right  edge  of  the  model. 

Why  can  you  move  position  3  frcsn  its  nomiil  position? 


(In  your  own  words) 


X 


15 

1  0  4  O 


8«    boats,  boiQrs,  vhitecaixs 


29.    the  Z  motion  on  the  model  is  radial 
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FRAME  #9 


LEVTL  A 


Useable  points  are  atationsj^r  object's  such  as  rock  structures,  jetties, 
piers  and  iighthousea.    These  objects  can  be  uaet-  to  help  the  operator 
set  up  a  model.    Since  these  ^objects  do  frequently  appear  in  the  water 
areas  it  is  advisable  to  always  check  the  water  portion  of  any  model. 

Objects  such  as  jetties,  piers  and  rock  structures  are  referred  to  as 
 points. 


FHAME  #30        ■  .  ^ 

Froa  what  you  have  learned  in  previous  classes  about  the  six  projector 
positions  for  clearing  paraUax,  what  is  the  sixth  position  used  for? 


in  your  own  words. 


9.  useable 


30.    It  is  a  check  point. 


IS 


ERIC 


FRiME  #10 

1,    What  type  of  Objec*-  would  make  a,  usable  point?  ' 


LEVEL  1 


2.    What  type  of  point  would  a  bouy  or  a  boat  make? 


FRAME  #31 


LEVEL  B 


When  using  the  right-to-left  method  of  clearing  a  normal  model,  you 
would  normally  find  check  points  s.ix  located  where? 


19 


lOOj 


10.    1.    rock  structure,  jetty,  pier  or  lighthouse,  any  or  all  w'dUld 
be  correct. 

2.    noauseahle  point  . 


31,    upper  left  hand  corner 
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FRAME  #11.  •    •  .  "  *  ^ 

The  two  types  of  points  located  in  ^water  'areas  are  useable  and  non- 
uaeable  points. 

The  type  of  point  that  would  allow  you  t^o  sea  stereo  would  be-  a 
  point,  '  '  , 


i 


FRA>fE#32    '  '  •  LEVELS 

Since  there  is  water  where  position  six  is  normally  locatec\  you  musfmove 
position  6  to  the  center  of  the  land  mass. 

In  this  f i-i-st  situation  for  clearing  an  Irregular  model  you  would  place 
the  check' point  in  the'  center  of  the  usao^g   _  • 


ERIC 


FRAME  #12  .  LEVEL  A 

The  following  are  objects  that  Bove. 

White  caps  of  waves,  buoys,  or  ajoy  boats  that  appear  in  the  area. 

,  These  objects  are  nonusable  points  because  i,hey        . "  or  change 

location  easily. 


FRAME  #33  LEVEL  B 

It  is  advisable  that  you  check  the  useable  portion  of  the  model,  keeping 
i."  mind  that  this  is  but  half  of  a  model  and  nomal  parallax  peiueption 
has  been  affected  accoj.'dingly. 
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move 
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33.    no  response  is  necessary 

1 


ERIC  .  . 


The  basic  methods  of  relative  orientation  utilize  six  ideal  positions 
strategically  located  within  the  model  for  the  removcil  of  parallax. 
However,  irreg^^lar  models  containing  water  areas  make  the  utilisation  of 
all  of  these  ideal  positions  impossible  in  almost  every  situation  since 
parallax  cannot  be  cleared  over  water.    Therefore,  alternate  positions 
must  be  chosen  for  each  method.    These  positions  are  dictated  first  1^ 
the  available  land  area  and  second,  by  the  effect  of  each  motion  on  the 
shape  of  the  moael.    Parallax  can  be  ramoved  by  a  particular  projector 
movement  only  at  certain  critical  positions-  within  the  model. 


"You  should  choose  an  appropriate  method  that  will  allow  the  majority  of 
these  preferred  positions  to  remain  as  close  as  possible  to  their 
  positions. 


i05,V  25 
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FR4ME  #14  •  .          .  ^ 

Since  the  ideal  poeiblona  for  cleari^ig  pwallax  over  water  ia  ia^joesible 
in  alaoot  every  situation,  alternate  poeitions  ftuat  be  choaen  foT^ach 

method^    These  pbsitiona  are  determined  by  the  available   

area  fixA  the  effect  of  each  aotion  on  the  shape  of  the  model.  > — 


FRAME  #35 


LEVEL  B 


When  picking  a  preferable  position  stay  as  close  as  possil^e  to  the 
ideal  position,  y 

Whatever  motion  you  use  for  clearing  parallax  at  the  ideal  position 

should  be  used  for  the  corresponding  position. 
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35.    prrf  arable 


♦ 
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FHAME  #15 


1 .    What  twa  factors  detenniae  vhere  the  alternate  positions  for 
I-oarallax  removal  will  be  located? 

a*    " 


b. 


FRAME  #36     "  •  .  , 

In  the  situation  below  the  water  area  extends  frca  the  upper  left  portion 
of  the  model  diagonally  across  to  the  lower  ri-ght  portion. 


The  left  to  righv  ikethod  is  preferred  for  the  relative  orientation  -of  $,his 
model.    In  criantiag  the  left  projet^tor  to  the  right,  all  the  positions  & 
their  -^espuctive  projector  movements  remain  in  th^ir  normal  locations 
except  for  position  2  and  5.    Position  2,  the  "swing"  position,  is 
located  along  the  flight  line  as  close  as  possible  to  the  principal 
point  of  the  right  projector.    Position  5,  the  "Y-tUt"  position,  is  lo- 
cated along  the  bottom  edge  at  the  extreme  right  of  the  -ecqpting  land 
mass.    After  each  position,  check  all  previous  positions  for  parallax, 
making  sure  that  a^,  parallax  is  cleared  before  continuing. 
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15.    a.    A,V&ll&bIfi  laod  a3:ea 


b.    affect  of  each  aotloii  on 
the  shape  of  the  model 


loll 


.1 


•a 


36.    No  Response  Necessary 


ERIC 
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FRAME  #16-  •  :  N  •  ^  ,     LEVEL  A 

I.e.  •  The* basic  methods  of  relative  orientation  utilise  six  ,  . 

Positions  located  within  the  stereo  model.    ,       ;  .     .  * 

In  Qver5'  stereoaoSel  thetn  are'sijc     ^  position. 


FRAME  #37 


LEVEL  B 


In  the  situation  below  the  water  area  covers  the  entire  upper  right  corner- 
of  the  modfel,  -exteisJing  frcm  the  upper  left  comer  to  below  the  principal 
point  along  the  right  edge. 


The  left  'to  right  method  is  used  fysr  the  relative  orientation  of  this 
model.    In  orienting  the  left  projector  to  the  right,  all  the  positions, 
and  their  respective  projector  movements  remain  in  their  normal  locations 
except  for  positions  2  sisi  6.    Position.2i  the  "swings  .position,  is  lo- 
cated a&  close  as  possible  to  the  principal  point  on  the  right  side  of  the 
model  along  the  flight  line.  ■  Special  care  should  be,  taken  when  making 
this  adjustment  Since  the  parallax  is  not  being  observed  at  the  principal 
point^re  the  rotation  will  take- place.    Position  6,  the  check  position, 
is  locatedT  in  the  center  of  the  model  halfway  between  the  flight  line  and 
bottcn  edge.    Again,  do  not  forget  to  check  the  entire  usuable  portion  of 
the  model  for  parallax,   "  .        •  •  •  .  *  • 

«  *  " 

31  '  ' 
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IiT«gu3.ar  terrain  models  maks  th6  utilia&tion  of  all 
posiiilozis  iaopoBsible.    '  ^  ^ 


-1014- 


•  A,, 


I.-  / 


FRAME  #38' 


In  the^.  situation  balow  tHe  water  area  covers  the  entire  upper  portion  of 
the  model 'including  the -pc.incipai  points.  ^An  inlet 'extending  frco  the 
centos  the  moSl  to  thi  low^left  side  divides  the  •  reiaaining  area  ,in>o 
two  partial  land  misses.      .  ^ 


Either  the  left-to-right  or  right-to-lefft  method  can  be  used. forthe  re- 
lative orieht&tioa  ^  this  aodelj  however,  the  left-to-right  method  is 
preferred  because  the  land  area  on  the  left  side  of  -the  laodal  is  closer  to 
the  left  principal  point  than  the  land  area  on  the  r^ght  is  to  the  right 
principal  point.    In  orienting  the  left  projector  to  the  right,  the  only^ 
positions  that  remain  in  their  normal  locations  are  position  4,  the  X- 
lut"  position,  and  position  5,  the  "Y-tilt"  position.    Position  1 ,  the  "i" 
p^itl^  is  Sicated'^as  close  L  the  left  principal  point  as  the  existing 
land  mass  will  allow.    Pdsitioft,  the  "swing"  position,-  is  located  as 
close  as  possible  to  the  right  principal  point.    Position  3,  the  "Z"  P^i- 
tiS    is  located' along  the  left  edge  of  the  model,  .approximately  halfway 
b^^^^on  posiUons7  ^  I.  'Position\6,  the  check  position,  is  locataa  m 
the  center  of  rhe  land  areaj  however,  careful  checks  throughout  the 
entire  land  area  shciild  bfe  made. 
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* 


38«    No  Response  Neoess&xy 


V 


FRAME  #18 


LEVEL/A 


Since  you  vill  not  be  able  to  ua«  all  six  ideal  poaitiono  for  clearing 
parallax  ik  an  .Irregular  terrain  model,  you  must  chooee  an  alternate 
position. 

•  ,  •  * 

In  removijag  parallax  in  an  Irregular  Terrain  model,  ' 
positions  Bust  be  chosen.  . 


FRAME  #39 


LEm  B 


In  the  situation  below  the  water  arer,  «o^ers  the  entire  upper  portion  of 
the  model,  including  th3  right  principal  point,  eaKsept  for  a  saaU  piece 
of  land  In  the  upper  left  cemer,  ■BflBflF 


Which  method  would  you  use  for  the  relative  orientation  of  thi 

1 ,  left-to-right 

2,  right-to-left 

3,  swing-svlng 


model? 


.  loss 


alternate 


'the  leftT-to-right  method  is  the  correct  method  for  the 
relative  orientation  of  the  spacial  model.    The  left 
principal  p«in^  .surrounded  1:^  laiKi  mass  ia  the  cue  to 
vhich  method'  should  be  used. 
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FRAME  #19  -  LEVEL.  A 

These  alternate  positions  are  affected  b^-  two  important  factors:  ^ 

1,  the  available  land  area  " 

2.  the  effect  of  each  motion^Cx,  y  qr  z)  on  the  shape  of  the 
•  model 

The  available  land  area  win  effect-  the        '  .  —  ^ 

performing  Relative  Orientation  as  well  as  the  motions  x,  y  z» 


FRAME  #40  *  ® 

As  stated  previously,  'the   .  sane 

cases,  serve  as  a  cue  as 'to  which  method  to  uses  right-to-left, 
left-to-right  or  swing-swing,  •  ' 
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19*    alternate  positions 


1r 


4-0.    Principal  Points 


•38 


FRAME  #20 


LEVEL  A 


Whea  choosing  an  alternats  position,  what  tvo  important  items  must  .be 
considered? 


1. 

2. 


teMW  ^ 

In  the  situation  below  the  water  area  covers  the  two  principal  points  and 
surrounds  a  peninsula,    ocated  in  the  center  of  the  model,  that  extends 
from  just  below  the  lipper  left  comer  to  the  lower  right  corner;  also,  a 
sma3J.  land  mass  exists  in  the  lower  left  comer. 


Either  the  left-to-right  or  the  swing-swing  method  can  be  used  for  the 
relative  orientation  of  this  model,  but  ti-e  left-to-right  methoa  is  j)re- 
f erred  since  the  principal  points  fall  in  the  water  portion  of  the  model  , 
making  accurate  adjustments  with  the  swing  motions  very  difficult.  In 
orienting  the  left  projector  to  the  right,  only  two  positions  remain  in 
their  normal  locations:  position  A,  "X-tilt"  position,  and  position  5,  "Y- 
tilt"  position.    Position  1,  the  "Y"  position,  is  located  as  close  as  poss 
ible  to  the  upper  left  corner.    Of  course,  the  check  position,  position  6, 
is  located  in  the  center  of  the  model  halfway  between  the  flight  line 
and  the  bottcm  edga|  but  as'  before,  the  search  for  parallax  is  not 
confined  to  this  narrow  limit. 
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1.    available  laad  area 


2.    effect  of  each  motion  on  the  shape  of  the  model 


4.1.    No  response  necessary. 

(Turn  to  page  4-3) 
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'  FR^  #21  '       .  ^ 

Allowable  poaitlogs.  .When  the  water  portion  of  an  irregular  model  nakea  \ 
sn^alteroate  position  for  parsUax  resolution  necessary,  it  is  important  - 
to -know  where  the  critical  positions  are  in  a  model  at  which  parallax 
can  "be  observed  and  cleared  by  the  different  projector  movements.  The 
folloving  allowable  positions  should  be  utiliaedi    ?araUax  can  be  removed 
at  all  six  positions  by  using  the  "Y»  motion,  but  the  two  positions 
located  near  the  principal  points  are  preferred.    "Swing"  parallax  is 
removed  at  the  prSiicipal  points  or  as  close  as  possible  to  the  principal 
points  ^opii  the  flight  line.    Parallax  can  be  removed  by  the  "Z"  motion 
in  the  four  comers  (preferably  at  the  €op)  or  alcmg  the  edges  of  the 
model.    The  principal  point  positions  cannot  be  used  sine©  thay-do  not 
move  ill  the  "Y"  direction  when  this  »Z"  movement  is  made.    »Y-tUt»  . 
parallax  can  be  cleared  at  the  top  or  bottoa  corner  on  the  left  side  of 
the  model  if  the  fight  projector  is  used,  or  the  tpp  or  bottco  comer  on 
the  right  side  if  the  Jeft  projector  is  used.    The  bottoo  comers  are 
preferable..    "X-tilt«  parallax  can  be  removed  &t  all  six  positions  or  along 
the  top  or  bottom  edge.    The  particular  procedure  used  will  dictate  where 
this  "X-tilt"  parallax  is  to  be  cleared.        /  , 

, "    .  (Return  to  page  1  for  Frame  22) 
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21.    No  respotise  nficsssary. 


] 


-1 
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FRAME 


In  the  situation  below  the  only  land  portion  of  this  model  is  found  in 
the  iQwer  left  corner.  ' 


WAT£E 


FROr-X 
4- 


The  brevity  of  the  usable  land,  portion  of,  this  model  makes  any  method  of 
relative  orientation. very,  difficult,,  but  the  ieft-to -right,  single    ^  , 
projector  method  is  preferred  over  the  other  methods.    Only  position  4i 
the  "X-tilt"  position,  remains  in  its  proper  location.  "Position  1,  th« 
"I"  position,  is  located  in  the  extreme  upper  corner  of  the  land  area,  «» 
close  to  the  *left  principal  point  as  possible.    Position  2,  the 
"sving"  position,  is  locs*e4  on  the  shoreliniB  half  way  between  the  bottoa 
edgTand  left  side  of  the  model.    Position  3',  the  "Z"  position,  is  located 
along  the  left  side,  half  way  between  positions  1-  and  4.  .,  .Position  5,  the 
"Y-tUt"  position,  is  located  in  the  extrefie  lower  comer  of  the  lana 
area  as  close  as  possible  to  the  .lower  right  comer  of,  the  model.  The 
remaining  land  area  is  checked  thoroughly  to  make  sure  all  parallax  has 
been  cleared  throughout  the  model.    After  each  position,  check  all 
previous  positions'  for  parallax,  making  sure  that  all  parallax  is 
cleared  before  continuing. 


No  response  necessary. 


ERIC 
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FRAMS  §0 


In  the  situati^on  below  a  amall  island  is  located  in  the  center  of  this 
model,  completely  surrounded  by  water  on  all  sides. 


FRQJ-Z 


AtQT  of  the  standard' methods  of  relative  orientation  is  impossible  to 
use  in  this  situation  due  to  the  smal,!  area  o£  land  present.  Therefore, 
a  "modified"  dual -projector   or  swing-swing  method  is  used  with  eactrome 
care.    Because  of  the  limited  land  area,  onlyjthree  positions' are 
utilised  for  the  removal  of  parallax.    Position  1  is  lojated  near  the  • 
.principal  point  of  the  left  projector  aloog  the  flight  line.    Parallax  * 
existing  here  is  reaoved  by  the  motion  of  .the  left  projector. 
Position  3  is  located  either  in.  the'  bottom  left  corner  or  upper  right 
corner  of  the  model.    The  "Z"  motion  is  used  for  parallax  resolution 
at  this  position.    Checks  are  made  over  the  remaining  land  area  to 
ensure  a  paraliax-free  model. 

GO  TO  SELF-TEST _  Page  45. 
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U.    SELF  TEST.        -  '  .  v  . 

1.  In  yoiJT  own  wordSji  define  the  tenrSLrregular  Terrain  Mcsdei. 
•      (Fraaie  #1)       '  * 

t 

2.  Stoe  two  non-usuable  points.      (Frame  #7) 

3.  Same'  two  usuable  points,      (Fraa©  #9)  . 

4..    Name  on  5  factor  which  •  111  ^determine  «here  the  alternate 
positions  for  X-parallax  i*e3a<?7al  will  be  located,    .  (Frame 

5.    In  the  situation  below,  which  method  would  you  use  in 
removing  parallax  frcsm  this  stareo  model? 


6.    True  or  False  -  When  picking     preferable  positicm/it  is 

advisable  to  stay  as  close  as^  ppsfsible  to 
.    ^      ^  the  ideal  position    (Fraiao'  ^ 


V 
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